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BODY DIMENSIONS AND PROPORTIONS,
'© WHITE AND NEGRO CHILDREN 6-11 YEARS

Robert M. Malina, Ph.D., &’ctcr V. V. Hamill, M.D., M.P.H., and Stanley*Lemeshow, MS.P.H.2

»

This report #fompares the growth patterns of
white and Negro children for 20 body measure-
ments _selected from a survey of U.S, children
6-11 years of age, Cycle II'of the Health Exam-
ination Survey. It is the fifth in asgrles of re-
ports presenting analyses and discussions ofdata
on helght weight, and 28 other body measurements
“taken in Cycle Il. The first two reports'? anar

lyzed height-and weight by age, sex, race, geo-

Aruitoxt provided by Eic:

Ny

graphic region, and various socioetonomic indi-
cators, The third report? presenteddataon skin-
fold thickness. The fourth4 considered data, by
age and sex, on 21 body measurem. nts performed
in Cycle 1l which are spetifically useful to those
concerned with human factors in equipment and
safety design and in the manufacture of furniture
and clothing. ' )

The Health Examination Survey (HIES) is con-
ducted by the National Center for Health Statistics
tc collect and analyzv health-rclated data on the
American people through direct examznatzon of *
selected™ subjects. 1t is a’succession o‘;‘ separate
programs, each *‘referred to as a "cyole," and
each cycle lasts from 2 to 4 years.®
- Cycle 1 of HES, conducted from 1959 to 1963,
obtained information on the prevalence of cortain

clronic diseases’and the distribution of a number

of antgﬂiometric and sensory characteristics in
the civilihn, noninstitutionalized population of the
conterminous United States aged 18-79 years,
"The general plan and operation of the survey and

Cycle 1 are dascribed in two previous reports, 56 .

Assoclatc Professor “of Authropology, Unversity m Texas,
Austin, Texas; Medical Advisor, Cluldren and Youth Prugmm.
Diviston of Hcahh Exammation Statisucs: and formerly Ana.
lytical Stansucrah,  DHES, rcspccuvclv

and most of the results axe published' in other
Series 11 reports of Vital and Health Statistics.

Cycle 1, conducted from “July 1963 to De-
cember 1963, involved selection and examination
of a probability sample of nomnsmunonalwed
children in the United States aged 6- it years.
This program succeeded in examining 96 percent
of the 7,417 cRildren sclected for the samiple,
The examination had twoemphases, The first con-
cerned factors z%lated to healthy growth and de-
\elomenI as determined by a physician, anurse,
a dentist, anda psychologist; the segond concerned
a sariety of somatic and physiologic- measure-
ments performad by speciallytrained technicians,
The detailed plan and operaton of Cycle ll1and the
response results are described 1antal and Heglth
Statistics, Series t, Number 5.7 A comparable
mamma’t)on of data collection fat Cycle 111, youths
aged 12-17} was completed in 1970, and the plan
and operation are described in Series’l, Number
8. 8

The presert report and Serlw\ 11, r\umber
1234, together consider 27 of the 30 body measure-
ments taken in Cycle 11, leaving out only the three
skinfold . measurements. Although. companton

pieces, tHese two reports are very dissimilar in

pufpose and method of analysis. As stated 1 the
introduction to Series 11, Number 123
The main purpose of the numerous body
measurements collected in Cycie Il was to
define a normal pattern of growth and devel-
opment in childrenyin the United States inthe
middle 1960's (and to describe some of the
modifying factors). llowever, the opportunity
to obtain data on this uniquely representative
sample of U.S, children for more utilitarian -+
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purpuses as well was not disregarded, In
Cydde 1 adults aged 18-79), 18 body meas-
urements were obtained not only as medical
and anthropologic correlates to the rest of
the examination, but also as data for use in
the consideration of anthropometric factbrs
‘in equipment and safery design and manufac-
ture (furniture, clothing, etc.)... The 21 an-
thropometric dimensions in this report were
included in the group of body measurements
partly for their descriptive value inthe grqwth
and development battery and partly for their
use In "human engineering’' or-"human fac-
tors” work. Some of the. measures have
limited value in duscribing growth and de-
velopment because they combrise multiple
layers of .tissue, multiple organ systems,
and,or multiple loci of growth (e.g., waist
and chest size, thigh clearance, all girths,
seat breadthy. However, many of these di-
mensions were selected primarily toachieve
continuity with those measurements taken on
adults in Cycle 1 of the HES... 4

Thit report was duscriptiye and utilitarian
in it§ purposes. Percentile distributions of each
measurement by age and sey were presented as
found in the total population of U, S, children ir-
respective of race. In contrast, the present ri-
port is biologically oriented, and the data are
analyzed separately for white and Negro children,
In addition to the 20 separate body m.asurements
taken in Cyile 11, which are histed below, threv
indexes and two derived measurcments (each
based on two or morc of the separate measure-
ments) are uscd i the 7)ra-sent~ comparative
analysis. ’

I'he 20 ‘scparate 8imensions pruscited in
this report by age, suea, and race arc weight,
stature, sitting ,hcight,\bu,ttock-knee length, pop-
liteal height, foot length, acromion-olecranon
length, clbow-wrist lengsth, hand lanz.[h biacrom-
1al breadtfi, hicristal breadth, bicondylar breadth
of the femur, chest breadth, chest depth, upper
arm girth, lower arm girth, calf girth, chest
girth, waist girth, and hip girth,

In addition t gross body sizv, these di-
mensions provide measures’ of upper and lower
extremity lengths, body breadths across bony
landmirks, and various ‘extremity and torso

girths, Lxtremity length measurements make 1t
’
&
2
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possible to assess the relative contribution of
different segments (for 1nstance, the upper arm
and forearm to total arm length) andthusto better
describe body pioportions. Breadth mcasure-
ments dare indicators of skeletal brzadth; when
taken at several budy sites they indlcate the con-
tribution of skgletal framework to body build.
Limb circumferences provide an estimaté of rel-
ative muscularity and thus an insight into the
body's composition, The arm, for example, is
comprised of sucLessive layers of bone, muscle,
and fat. When arm circumference is corrected
faor the thickness of the outer layer of subcuta-
neous fat at the triceps site, an estimate of the
lean component of the arm's composition is ob-
tajned, (See be‘iow.) Trunk circumferences are-of
Iimited value 1 estimating body composition ex-
cept perhaps in extreme cases of undernutrition
or overnutrition. They may, however, contribute
to a general appraisal of physique, e.g., thelratio
of chest and waist circumference. Each of thedi-
mensions is defined andthe technique of measure-
ments described in detail in appendix 11,

Two dimensions were derived from the avail-
able measurvments, First, sitting height was sub-
tracted from stature o provide an estimate of
subischial length, Subischial, or leg, length en-
ablus us to partition stature nto two major com-
ponents: the trunk, head, and neck, which com-
prise sitting height, and the lower extremity

" length, Second, an cstimaté of the mid-arm mus-

Cle circumfercnce (lean component) was obtamc&
by correcting the upper arm circumference for
the thichkness of the triceps skinfold as follows:
EMC '(esnmare’d muscle circumference) = upper
arm circumference - « triceps skinfold. In recgnt
years the estimated upper drm muscle circum-
ference 1S often used as an anthropomcmc mdex
of nutritional status,?-" .

In addition, three ratioswerederivedfromghe
available mcasurements: (1) the ponderal index,
height/¥weight, ® tv provide an approximation of
physique on a lincarity,/laterality continuum; (2)
the ratio of sntingheighttostature, sitting height,/
stature X 100, to indicate the relative contribu-
tion of situing height  (head, neck, and trunk) to

b computmg ths ratio heigheis expressed i mches and
wcnghyl pounds, which produces a different result than would

the usefof metne measures.
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total stature; and (3) the ratio of biacronual to
bicristal breadths, biacromial breadth,bicristal

breadth X 100, to indicate the relative propor-

tions gf shoulder and hip width. The shoulder, hip

ratio is used frequently in studies of body propor-
tions and physique. .
Estimates of the usual parameters for dis-
tributions (i‘e., mean and standard "deviation) are
used throughout the report except where distri-

butions deviate from normal. The percentile

values indicate the general nature of the distri-

butions, In general, with the exception of body

weigh‘r and several girths, the dimensions dis-
cussed in the present report are rnormally dis-
tributed, or show only slight and inconsistent de-
viations over the age span under study, Normally
distributed dimonsions are primarily length and
breadth measurcments, which are measured be-
tween well-defined bany landmprks— boae-to-
bone measurcments. The distriputions of body
weight and of limbandtrunk circymference meas-
urem.nts dixe from the normal over the ages
studied and are skewed to the right. The positive
skewness is more apparent for body weight and

trunk circumferences. Of the three limb circum-
. ferences, lower arm circumference is normally
“distributed, while both upper arm and calf cir-

cumferences arc slightly skewed to the right. The
skewing of weight and gifth. mcasurements re-
flects the contribution of subcutancous fat tothese
dimensions. Subcutaneous fat measurced via skin-
fold thickncss 1s positively skewed in distribu-
tion. > tlence in this report medians of weight and
girth measurements arc used. for comparative
purposes; however, means and their st%ndard
errors are also included in the dctailed tables
because these statisticsare widely used by others.

[he six new body measurements reported
here complete the presentation of percentile
distributions of all 30 body mcasuremcents taken
in Cycle 1l. Five of the 30 mcasures (height,
weight, and three skinfolds) were examined by
socjoeconomic and demographic vanables, in
addition to percentile distributiops specific for
age, sex, and race.'® Of the 25 remainfing body
dimcnsions, seven were considured uscful only
for ~Series 11, Number 1234(f00t, hand, seat, and
elbow-e}bow breadths; thigh clearance; knec
height; and buttock-popliteal length), Six arepre-
sented for the first time in this report (the three

.

.

extremuty girths: calf, upper arm, and lower arm;
and three bone-to-bone breadths: biacromial, bi-
cristal, and bicondylar), ['welve measurements
are examined in both reports (sitting height, pop-
Iteal height, buttock-knee length, acromion-
olecranon length, elbow-wrist length, fdot length,
hand length, chest breadth and depthycliest girth,
waist girth, and hip girth). Height and weight, of
course, are included 1n many of these reports,

METHOD
At each of 40 locations preselected randomly
throughout the United States, the children were
brought td the centrally located mobile examina-
tion center for an examunation which lasted about
2 1/2 hours, Six children were examined in the .
morning and six inthe afternoon, They were trans-
ported to and from school or home,
When the children entered the examination

" “Center, their oral temperature was taken and a

cursory screening for acute 1illness was made; if
illness was detected in a child, he was sent home
and e¢xamined at a later date./(‘{esexammeus
changed, into shorts, cotton,sw'eat socks, and a
hight, sleeveless top and proceeded to diffcrent
stages of the examma/cio/n, each one following a
differcnt routé, There were six different stations
where examinatigns were conducted simultane-
vusly, and the ;tzi(;ns were exchanged, somewhat
lLike musical chalrs, that by theendof 2 1,2
hours cach child had had essentially the same ex-
aminaiions by the same c¢xaminers but in a dif-
ferent sequence. At three of these stations a pe-
diatrician, a dentist, and a psychologist made
examynations, and at the other threce stations
high}y traned technicians perfofmed a number of
othe  @&xaminations—chest and hand-wrist
X-rays, hearing and vision tests, respiratory
function tests and electrocardiography, a bi- -
cycle exercise test, a battery of body measure-
ments, and a grip strength test. -
[he rccc')rdx:ng form _for the battery of 30
body measurements is reproduced in appendix 1,
which also gives details on equipment and meas-
uring technique. All lateral measurements were
performed on the subject's right side and recard-
ed by a trained observer. Periodic quality conkrol

—— b

Sce appéndix I for sample design,

(-2
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observation and training sessions were conducted
by the supervisory medical staff andoutside con-
sultants to 1nsure continued proficiency and to
obtain replicate data for the purpose of quantifying
observer error. The results are presented inde-
tail in appendix 1L,

As in all the HES reports, age is basically
defined -as age attained at last birthday (verified
from a copy of the birth certificate i 95 percent
of the Cycle 1l examinees). The mean age of-each
category therefore approximates the midpoint of
the whole year; for instance, the 8-year-oldmale
group consists of a 1-year cohort whose meanage
is 8.51 years, while the correspbnding female
sample averages 8.49 years.

"Race” was recorded as "whité,” "Negro,"”
and “other races.,"d White children comprised
85.69 percent of tht total, Negro children 13.87
percent, and children of other races only 0.45
percent.© The differential response rate by age,

sex, and race is discussed in appendix I,

RESULTS .
Weight and Height

Weight and height in the ¢ ycle llsample have
been| discussed at length in previous reports,'-?
I‘hey, are included here to provide a more com -
pletd picture of the anthropomeiry of American

. L)

Uhe classification scheme used m the 1960 census was
emploved here, As deseribed m the report on the operation of
HES Cycle 11,7 this mformiation was ubtamed at the ininal
houjchold meerview by the U.S. Burcau of the Census ficld
worher. Its accuracy was cheched at the subsequent home visit
by the HES representative and again at the examination i the
traler. A final record check by birth certificate termed up only
sevkn meonsistenaes, and these were mostly pertaming to the
cafegory “other races”* Henee the possible extent of mis
clissification of the vartable race 15 so mummal that 1t could
have no effect on the data analyzed m this report. However,
whan comparing the HES findings to those on other vanowsly
difined racial groupings m the world, the degrees of genetic
miture. as discussed first by Hershowitz 10 1928 and later
y Glass and L1 by Roberts! 415 and by Reed 16 hould be
aken into consideration.

echildren of other races were included in Series 11, Num
ber 123, when all the data were analyzed independently of race
but are omntted. because they are so few, when a white-Negro
dichotomy 1s used, as m the present report,

d
[ .

MALE

WEIGHT IN KILOGRAMS

WEIGHT iN KILOGRAMS -«

Figure 1. Median weight of white and Negro childrén by sex
and aqe.

_Negro ‘and white childrenduring middle childhood,

Both weight and height are measures of gross
body size and, as expected, increase linearly with
age between 6 and 12 years (figures 1and 2, tables
1 and 2).

Median body weights for white and Negroboys
differ only slightly from 6 through 8 years, but -~
by 9, 10, _and' 1t years differences in median bgd"jr
weights have become greater andare consistently
larger 1n white boys. White girls have ightly =
greater median body weights than Negrd girls g
6, 7, 8, and 9 ycars of age,but at 10.gad 11 y
the median weights for Negro girlé are shghtly
greater,

Racial differences inaverage Stature arc neg-
ligible for males, mean st tures for Negro boys
being slightly greater ap6, 7, and 8 years of age
and those for white boy$ slightly greater at 9 and
10 years. On the er hapd, Negro girls have
consistently greater meant statures than white
girls 1n all gge group.s( except the 8-year-old
s 10 and 11 they are both
white girls, ot

s
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Viewing the relationship of height, am.i veight

/_ '(height/vﬁa eight)as expressed in the pondergliindex
Kfigure 3, table 3) indicates consistently jhigher

indéxes for'Negro children of both sexes than for
whites. High ponderal indexes suggestAincarity
of phyqnquq, while low indees sugges rality,
[hus the forugom;_ ratio of hdight4nd wdight in-
dicates a linear’ physique in Mégro chijdren of
both sexes. I'he difference bep¥ecn mean ponderal
indexes of Negro and whit¢ boys at eadh age is
rather consistent from # through il yegrs, For
girls this difference ig“similarly consistint trom
6 through 9 yedys, But at 10 and 11 year§ the in-
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Figure 3. Mean pondgral index of white and Negro children by
sex and'age. .
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dexes for Negro and’ white girls approach each
other. Note; ho¥ever, that it is at these two ages
that Negre girls are heavier than white girls.
Newertheless, the mean ponderal indexes for
‘Negro girks at every age cxcept 10 are higher
than those for white girls,

Components of Sfofure Sitting Height and
Subischial length

Partmomng standing height into sitting height
(figure 4, table 4) and subischial lenith, or stat-
ure minus sitting height [figure 5, table S), illus-
trates the well- ebtdbhbhed racialdifferencemthe
components of S$tature: Negroes are longer
legged and shorter trunked; conversely, whites
are shorter legged and longer trunked. This is
true for both sexes, the difference between racial

groups being generally consnstem over the age
range studied.



Sitting Height/Stature Ratio N
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The ratio ofsitting height to stature (sitting ,
£2 height/standing height X 100y is consigtently high- - .
;:i'. ol er in white children of both sexes (figure 0, table  * .
ge ‘ 6). This ratio indicates that a significangly great--
Ee - , er percentage of standing height is contributed by -
ol - ithe sitting height (hgad, neck, and trunk),and less . ‘
. N T A 1 by sublschlal or leg length in white than in Negro I
, 8 7 s 9 10 won children, “while of course the opposité is true _
Cot e for Negro children, The ratio of sitting height tq |
%0 ) ! stature decreases in a parallel manner with in- |
o creasing agé from 6 to 11 years, indicating a , .
Ef greater contribution of the lower extremities to * .ot
£z o1 stature with advancing age during middle child-
z : . . T
4 E8  hood in children of both racial groups. - . |
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Partitioning the Lower Extremity -

.

.

. Although traditional bone-to-bone landmark
. measurements. of the lower extremity were not
taken, two measurements used primarily for

"human engineering" or "human factors" re-

search purposes phonde an approxnm.mon of

racial differences in the components of lower
extremity length, Buttock-knee length, .though

. affected by fatty tissue deposits over the buttocks,
providzs a rough approximation of thigh or upper
leg length; ‘popliteal height provxd\s an approxi-

© s consistently longer in Negro girls thaninwhite

girls, the mean differences being smaller at 6,

7, and 8 years than at 9, 10, and-11 (figure 7,

table 7), ‘the buttock-kpee length of boys shows

. no consistent pattern of differencesover the age
range studied. /ithough Negro boys have longer
buttock-knee length measurcments at 6, 7, and 8

~
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: mation of lower leg length. Buttock-knee length .

a

‘years, differences between Negro and white boys
are negligible at 9, 10, and 11 years. Popliteal

_height is consistently greater in Negro children
of both sexes over the age span, with the differ-
ence between meanis at each age group being very
consistent (figure &, table 8).

The data for buttock-knee length and popliteal
height, though both are oaly approximdte measure-
_ments, suggest that the greater lengthof the lower
‘extremity in Negro children 1s due especially to
a longer lower leg, the differences in upper leg
length being minor and inconsistent, Tnis gener-
alization is in agreement with recenal observa-
tions.on Negro-and white’children utihzing tra-
ditional bony andmarks, which give more precise

_measurements.!” -

Foot length is likewise consxstently greater
in Negro children of both $&xes-over the age range
studied (figure 9, table 9). Agaum, the dxf@e&encé
betweeh means at each age is very consistent,
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. sex and age.
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ngrh 10 Mean acromion-olecranon length of whne and Negro
children by sex and age. - \

. l :) ‘\ \/‘

Parfiﬁonir}g the .
Upper Extremity,

A generally similar racial pattern to that
observed for the lower extremity is evident for
the upper extremity. Acromion-olecrarton length - =
(upper arm length) is consistently greater in - .o
Negro girls from 6 to H years (figure 10, -~
table 10), In boys, however, the pattern of dif-
terences is not ‘consistent. Negroboys’have longer - -
upper arms’ “at 6, 7, 8, and 11 years.of age, while
white boys have longer upper arms at 10 years.
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ELBOW WRIST LENGTH
IN CENTIMETERS
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Figurg\l 1. Mean'elbow wrist length‘of_.wm;w and Negro childgen
by sex and age. . .
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Mean acromion-olecranogglengths in Negro and’
white boys are idcn.ticalsat 9 yeawghof age. It
should be noted that a similar pattern of mean
differences between Negro and white boys and
girls 15 apparent for buttock-knée length, Elbot-
wrist length (lower arm or forearm length) is,
consistently greater In Negro children of both

_sekes from 6 through 11 years (figure I, table .

11), and.the difference between means 1$ rather
consistent at each age group. .

Hand length 1s also consistently longer in
Negro children of both sexes (figure 12,table 12).
The difference between means at each agdis very
consistent, . Y.

Negro children of both sexes have longer up-
*per extremities than do whites. This difference is
largely due to~the longer forearms and hands of
Negro children, just astheir longer lower extrem-
ities are especially due tolonger lower legs. (This
is considered in more detail in the discussion.)

HAND LENGTH IN CENTIMETERS

Al

©
Figure 12, Mean hand length of white and Negro children by sex
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Biacromial Bréadth - .
Y

H
¢

Negro boys have slightly wider measuremcents
of bony breadth of the shoulders at each age ex-
cept 9 years (figure 13, table 13). Biacromial
breadths of Negro girls are only slightly higher
than those of white girls at 6 dnd 7 years (and
are the same at age 8). At 9, 10, and 11 years,
howevet, the difference between Negro and white
.girls is greater, perhaps .only reflecting the
larger body size of the Negro girls at tihese ages
(see figures 1 and 2). B ,
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<

BIACROMIAL BREADTH IN CENTIMETERS

Figure 13. Mean biacromial breadth of white and Negro children
by sex and age.
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Blcrlsfcl Brecdth ’
The bony breadth acyoss the 1hac crests is
. - consistently larger in whites of both sexes over
the age span studied (figure 14, table 14). Also,
the difference between means at each age group ‘,/'
is rather consistent from 6 through 11 years in .
_males and 6 through 9 years in females, At 10
and "11 years the dxfference between bicristal
breadth means in Negro and white females bé-
comes slightly smaller than at the youfger 3ges, -
althoughr average bicristal breadth is still larger
_~in white females, Thus, even though Negro girls
are generally larger in overall body size than
white girls, especially at 10 and 11 years of age,,
white girls have wider bicristal hreadths ovérthe
entire age span studied.
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/cromial breadth/bicristal breadth X 100) is con-

: 0\7er the age rapge studied (figure 15, table 15).
The higher, ratio 1ndlcates that Negro children
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The rato of shoulder to hip breadth (bla-

sistently higher }a Negro clrildren of both sexes

have more slender pelves rélauve to their shoul- '
ders than white children. Conversely, the lower |
ratio indicates that white children have broader e
hips relative to their shoulders than Negro chil- -
dren, , -t S
The magnitude of the bzacromlal/bicrlstal e
ratio decreases with age in an almost parallel N
mapner in Negro and white girls, indicating a
greater widening “of the breadth across -the iliac
crests relative to the breadth of the shoulders. CR

/Thé ratio in white boysis almost constant between

6 and 11 years. In Negro boys the ratio at 6, 7, 8,

and 11 years of age is almost constant, but a 9 -
and 10 yedrs of-age it shows a sharp increase, e
Whether this fluctuation in the ratio is only due to
samplmg variation in the smaller Negro sample
is not clear, .
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, Chest-Dimensions

*

Chest breadth is, on the average,' slightly but
cConsistently greater inwhite children of both sexes

® .’
from 6 through 11 years (figure 16, table 16),
Chest depth, on the other hand, shows,noconsisg-

ent pattern of racial differences over the age ,

span studied (figure 17, table 17), Interestingly,
Negro children of both sexes have slightly higher

méan values at 6 years of age; thereafter mean °

* values for,the chdst depth measurement are gen-
. erally slightly larger in white children,
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Bicondylar Breacfth of the Femur

\‘ms measurement uacross the condyles of
the femur shows only negllgible differences be-
tween Negro and white children of both sexes
from 6 through 11 years (table 18).

Limb Gmhs ’

Median values for upper arm g1rth are con-
sistently larger in white boys and glrls from 6
, through 11 years-(figure 18; table 19), and the
cﬁ‘tference between medians, 8[ each age is rathe?
"significahce of differences be-
tween Negro and ‘white children. for this gjrth

. measyrement will‘beconsideredin thediscussion, .

In lower arm girth, medians for white boys are
slightly though consistently largerthan those’ for
Negro boys from 6 th rough 11 yearsofage. White
girls have larger lower arm girth medians ar 6,

7, and 8 years of age, But from9 through 11.yéars.
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UPPER ARM GIRTH
IN CENTIMETERS

UPPER ARM GIRTH
IN CENTIMETERS

Figuté 18. Medtan upper arm glnh of white and Negro chnldren
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no differén,ces ?etween Negro and white girls are
appé ‘ni in this measurement (figure 19, table

: (%lf gwtf: shows a pattern similar to that
for upper ‘aym girth, At all ages white boys and -~
girls have l#rger medians for calf girththan their
Negro counterparts (figure 20, table 21). Thedif- -
ferences bétween medians for Negro and white
boys are/ elatively small a'6, 7, and 8 years but
greater gt 9,710, and 11 years, Differences be-
tween thz medians for Negro and white girls are
generai}y consistent over the age spanunder study,

%
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LOWER ARM GIATH
IN CENTIMETERS

LOWER ARM GIRTH
IN CENTIMETERS

by sex and age: P

Figure 19,~Med|an lower arm girth of white and Negro ch:ldren '

by sex and age.

P “ye—
Estimated Mid-Arm Muscle Circumference

The upper arm glrth coru.cted for the thick- -

ness of the triceps skinfold provides anestimate
of the mid-arm muscle or lean circumiference of*
the arm. As noted earlier, this estimated meas-
urement is widely used in public health surveys,
Although the estimated circumference is gener-
ally indicated as being a musclé circumference,
it should be noted that bone tissue, the humerus,
is also included. The significance of the contri-
bution of bone to this measurement, which is

important in racial comparisons, is considered )

at length in the discussion. .

13

.

fCompanisun of shinfold thicknesses 1n the Negro and white

".samplc disqussed here is treated in detail in another report.
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CALF GIRTH IN CENTIMETERS
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ESTIMATED MID ARM
MUSCLE CHRCUMFE RENCE
IN CENTIMETERS
>
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T Flgure 0. Medlan calf girth of white and Negro children by sex
. and age. . 75~
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.. Differences ir estimated muscle or lean cir- gg 65~
.- cufnference, of the arm between Negro and white BE ek
children of both sexes are small; nevertheless, 3% ,
thhey aye consistent. Negro boys and girls have, | kil =8
. the dverage, consistently larger estimated o1 L L TR S
uscle or lean cycumt‘erénce’of the arm than - .
) hites from 6 through l1-years (figure 21, table s
22), Thus the larger uppér arm girth of white - » FEMALE . Ve
children noted earlier qé)pears to be due to more "
Subcutaneous fat at the triceps site in white chil- EE
dren from 6 through I1 years. - oz
' ? ° . * 8z .
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-/ 38
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Torso.Girths o 5
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White children of both sexes have consist: .

ently larger median’ values for chest givth than
Negro children from 6 through 11 years of age’
ot ({figure 22; table 23). With the exception of the

LIRS . _l_

.Flgure 22. Median chest girth of white and Negro childten by

.sex and age.
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Figure23. Median waist girth of white and Negro children by
sex and age.

.
>

ish-

HIP GIRTH
IN CENTIMETERS

HIP GIRTH
IN CENTIMETERS
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Figure 24. Median hip §irth of white and Negro children by sex
and age. «
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Negro and white children, despite considerable

- point of the year. For example, 6-year-old ¢hil-

9-year-old sample, white boys also have larger
waist girth measurements than Negro boys (figure |
23, table 24), Differences in median values for |
waist girth between Negro and white girls, how- |
ever, are not consistently apparent.over the'ages
studied, Hip girth shows a pattern similar to that .
for chest girth: white boys and.girls have con- *
sistently larger medians for this measurement
from 6 through 11 years of age (figure 24, table
25). Median values for both chest and hip girths

in girls show a pattern_of decreasing racial dif-
ferences .with incréasing age; so at'10 and 11

small. These observations are probably related
to the greater overall body size of Negro girls at .«
these ages. ' . ..

DISCUSSION

Patterns of g‘rowth as shown in a series of
anthroponietric . Flimensions' and P indégtes were
analyzed in a large, representative sﬁmple of v’
U.S. Negro dnd white children 6 through"m years
of age. The data are cross-sectional {ije., dif- ", -
ferent children are represented at eachage leyel)
and are thiis affected by the limitations of cross-
sectional studies, In additioq,'emphasis is placed:
onscomparisons of mean or median values for

overlap between races in each age and sex group.
Nevertheless, the present data provide updated
anthropometyic information which are reliable
estimates ¢f American-Negro and white children .
of both sexes during middle childhood. .

The Cycle 1l data for Negro and white chil- -
dren generally agree with existing data for con-
temporary as well as for earlier samples, It is,
however, difficult to make, precise comparisons
with most other stud.ies*én account of sampling ,
and other methodpjpgical differences. One dif-
ference is thatr the HESdataare grouped by chron-
ological age, and so the average ‘age is the mid=

dren range from 6.00 to 6.99years, withthe mean
at approximately 6,5 years. In two recent Studies
of Negro and white children which include th

period-under study,!”!® children are groupedéiﬂr;st?_’\
yearly categories, with the whole year asthe mid-*
point. Inthose studies 6-year-olds are classified

as children aged 5.50 10 6.49 years, withthe mean
’ » - . r-
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. acromion to. olecranon) Krogman's

at approximately 6.0 years, Each of the twa pro-
cedures refers to, the 6- year -old age group, but
the defmmons are different,

Other technical d¥ficbhies in making com-
parisons relate to definition of sites and, tech-
niques of measurement. For example, tipper ex-
tremity measurements used in the present report
were made between specific landmarks (e.g.,

ial height minus radial hexght giv
‘length,

It should be further noted that buttock- -kifee
lengx and popliteal height, two of the measure-
ments used. in this report to _pafrtition the seg:
ments of the* lower extremlty are estentially
human engineering measuremerfts, Because these
measurements, are made from Surface to surface
with light contac, they are’qonfounded to some

extent by variation in soft ftissues, Therefore :

buttock knee length and popliteal hexght provide

only an approximation of ac alsegmt.ntallengths .

and are not as precise as measurements using
tradﬁ’xonal bony landmarkfj :

Mthough there are some overall body size —dor the upper limb,
dszerencgs between Negro and thte cmldren .

* during middle childhood, especially‘in girls, the
maj anthropometrxcdxf{erencesbetweenAmer-
ican Negro and« white"children are essentially in
the proportions of the trunk and limbs, In com-

parxson with white children, Negro children have -
r hips and chests, ,

shorter trunks; more slen
longer lower extremities (especially-a longer
lower leg), and longer upper extremities (eSpe-
cially a longer forearm and hand), Conversely,
in comparison with Negro children, white chil-
dren have longer,’thicker trunks, .wider hxps,
shorter lower extremities, and shorter upper ex-’
tremities,. These dxmenslonal and proportional
ditt"e'fences between American Negio and white
children, were npted as‘far back as 1929 by
Todd,'® and are well documented, in other studies
of children and adults.!’?%?*Further, such pro-
portional differences have been reported tooccur
prenatally during the first trimester,?25-27 Tihi

implies that genetic factors affect skeletal di-
mensions: one's racial background predisposes
the skeleton to certain proportions,

2
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In an attempt to assess racial differences in
the limb segments comprising the upper and low-

er extremities,

group, the normal deviate

. ‘
’ 2 72 2 2
. 2-X,-X, ,[siw+ S5

.
-

was computed, Instead of its usual use in state-
ments of probability levels, this measure 1s used
here as an indicator of relative magnitudes, The
larger the deviate, the greater the difference
betweet whites and Negroes, since by dividing by
the stanJ..sd error of the difference, the problem
of difference in relative magnitude is eliminated,

Results of this analysis are presented 1ntable 26,

A distinct pattern suggesting a proximal:
distal gradient ergerges for th ree segments
of the upper extremity, Differences between Negro
and white children are least marked for the uppef

arm segment (acromion-olecranon length) and
most marked for hand length, with the values for

the forearm segment (elbow-wrist length) being
intermedxate This, pattern of racial differences
egments is apparent 1n all =
.age groups except the 8-year-old boys and girls,
in whom the devxatxoil from a proximal-disal
pattern was very slight.

the normal deviates for these
. segments were analyzed For each age and sex

\

Ifi contrast to the proximal-distal gradient .

- of racial differences in the upper limb segments,

there is no consistently apparent pattern for the
segm¢nts of the lower extremity. 1p boys, The
pattgrn for girls, however, is s*irlular to that
notdd for the upper extremity (table 26).” Differ-
enc §.between Negro and white children of both
- sexes are consistently least marked for thigh

length (buttock-knee length), The pattern of dif- .

ferences for the lower leg and foot is not clear
in boys. In all but one age group of girls (the 9-
year-ol’d\group), however, racial differences are
most marked for foot length, with the value for
lower leg length (popliteal height) bemz, inter-
mediate, "

The preceding observatxons on the lower ex-

.tremity are in part a function of the measure-

ments used and in parta function of the mechanics
of the lower extremity. It should be carefully

noted that tWO of the measurements of lower ex- . /
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tremity segments are only indirect measures of
segment length, Buttuck-knee length, for example,
1s affected to some extent by the deposition of
subcutaneous fat on the buttocks and alsoincludes

t?e thickness of the patella or knee cap. (See

ppendix 11 fur discussiun of measurement meth-
ods,) Hence 1t 1s not 4 true measure of thlgh or
femoral length. Similarly, popliteal hught is an
indirect mgasure, of lower leg length, Becduse 1t
1s easured as the distance from the. faotrest to
the popliteal fossa, 1t includes not\onLy the tibm,
the major bone of the lower leg, but alse the bones
of the ankle, especmlly' the talus and calcaneus,
Thus this measurement 1S not an accurate ind1,
cator of lower leg length per se, . )
In addion to medsurement technique, the
functional mechanics of Wje upper and lower ex-
tremities limit direct comgarisons of their re-
spective segment lengths, The foot, for example,
1s adapted as a weight-bearing unit in the upright
posture, while the hand 1s adapted as primarily a

* prehensile organ, Thus the foof joins the remain-

der of the lower extremity at a 90-degree angle,
while the hand is a continuous extensjon of the
fo&ﬁ;’m. - *

acial differences in_girths are affected to a
large extent by variation inamount of subcutaneous
fat., This. is especially apparent for uppexr arm
girth, When corrected for the thickness of the
triceps slgmfold, the difference betweenNegroand
white children 1n upper arm girth is seen to be
due to an excess of triceps fat in white ch’ildren.
Comparing figures 18 (upper arm girth) and 21 »
(estimated mustle circumference of the arm),
one can note a reversal in the positions of Negro
and whiw' children, White children have consist-
ently larger arm girths, but Negro children have
consistently larger estimated muscle or leancir-
cumferences of the arm, Similar obsérvations
have been made by Malina,'® for a sample of Ne-
gro and white Philadelphia elementary scho
children Studied longitudinally
period,

As_ indicated earlier, cor'’necting the upper
arm girth forthe thickness of the triceps skin-
fold results in what is generally termed the es-
timated md-arm .-muscle circumference, The
significance. of the conjribution of bone tissue to
this . estimated circumference is important in
making racial comparisons, Data comparing the

over a l-year
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breadth of the humerus®(détermined from a ra-
diograph) in Negro and white childrenare lacking.
Garn® and Smith ang, Risek, 29 however, reported
little difference in perlosteal diameters of the
second métacarpaf, but did rote gregfer cor-
tical bone thickness among adult Negrdes of both
sexes than among the corresponding®hite groups,
This Sseems to suggest that adult Negroes have
more cortical bone for the sam® periosteal di- |
ameter of bone, However, it is difficult to make
inferences froni measurements of second mét-
acarpal widdi <o the humerus; results of a study
comparing radiographic bone breadth measure-
ments of the second metacarpal, Second meta-
tarsal,. humerus, and tibia indicated little pre-
dictive. relationship from one ‘bone to the other
int a ganiple of white children aged 6 to 162"

is difficult to make inferences from one
skeletal area to another. The available data on
bone width measurem;nts ,of the second meta-
carpal indicateclittle consistent racial difference,
if any, in total width at the midshaft level, If the
same is true far the humerus, the corrected arm
crcumference data would then indicate slightly |
but consistently greater muscularity in [he upper
arms of Negro compared with white 'children,
Data from samples of Olympic athletes indicate
a generally similar trend, Using radiographic
techniques, Tanner?' found that Negro athletes
had slightly more muscle and bone tissye and
less fat. in the upper arm and thigh compared to
white athletes; although in the calf they also had
less fat and more bone tissue, they had less
muscle than whites, Thus this sample of Negro
athletes had substantially smaller calf muscles
relative to muscular development in the arm antl
thigh than did white athietes,

Special consideration should be given to the
comparison of Negro and white girls, On the
average, Negro girls are tallér than white girls
from G 4hrough 1] years of age and are heavier
at 10 and 11 years of age, Cycle Il data also show
a reduction in the difference betwe®en median girths
of Negro and white girls at ages 10 and 1, It
would be interesting to find out if there is a mat-
urational difference between Negroand white glrls
at these ages, Malina,’ for example, noted N
girls advanced over, white girls in skeletal ma~
turity from’9 through 12 years‘of age, Todd >
in 19§l reported somewhat similar observations,
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noting greater variability between Negro and
white girls than between boys. Todd's smal
sample of Negro girls (n=" 2) were frequentl){
skeletally advanced compared tohis larger sample
of white girls,

The report assessing skeletal ma.urity of the
Cycle ‘ll sample of children 6-11 years of age,
which xs currently in preparation, will u.)mrlbute
substantially to this question,

SUMMAkY

Pattg;_ns of growth in 20 rheasured .anthro-
pometric dimensions, two dérived dlmcnsmns,

and three ratios are reported and discussed for

U.S. white and Negro children 6 through 11 years
of age. The 20 dimensions reported by age, sex,
and race are weight, stature, sitting height, but-
tock-knee length, popliteal heiglit, foot length,
acromion-olecranon length, elbow-wrist lengtf},
hand length, biacromial breadth, bicristalbreadth,
bicondylar breadth of the femur, chest breadth,
chest depth, upper arm girth, lower arm girth,
calf gxrth chest girth, waist guth and hip girth,”
The two dimensions derived from available
measurements are estimated leg (subischial)
lengt/h and estimated mid-arm muscle circum-
ference, The three ratios are the ponderal, index,
the ratio of slttipg height to stature, andthe ratio
of blacromial (shduldey) to bicristal (hip) width,

These national estimates are basedon cross-
sectional data, which limit the analfses to at-
tained size rather than velocities of growth, Em-
phasis is place upon comparisons of age- and
sex-specific means and medlans for Negro and
white chlldren.

All dimensions reported here increase
almost linearly with age from 6 through 11 years
in Negro and white children, both male and fe-
mhle._Although there are some gverall body size

white children during middfe childhood, especially
in girls, the major anthropometric differences
between Negro and white children are differences
in the proportions of the trunk and limbs, Negr\o
children, on the average, have shorter trunks,
more slender hips and chests, longer lower ex-
‘tremities (especially longer lower legs), and
longer upper extremitiés (especially longer fere-
arms and hands) than white children, White chil-
dren, conversely, ténd to have longer, thicker
trunks, wider hips, and shorter,}ower and upper
extremmes than Negro children,

Limb (arm, foréarm, and calf) and torso

" (chest, waist, and hip) girths aregenerally larger

in white children over the age range studied, Dl]ere

are, nevertheless, exceptions, andthe differences

between Negro and white childrenare not apparent

(aer all ages from 6 through 11 years, For in-

stance, Negro girls are taller and heaviér_than

white girls, especially at 10 and 11 years, and

this is reflected in.a reductxon of median girth

_ differences between Negro and white girls, at

Jthese ages, Mych of the racialdifference in girths .
is explained by differences in the ,amount of sub-

cutaneous fat. This is e'specxally apparent for arm
girth; when the arm cxrcumferen;e is corrected
for the thajkness of thetriceps skinfold, it is
obvious that the girth diffefences between Negro
and white, chlldren are d{Lssentially to alarger
amount of mceps fat i1 hite children, In fack,
when corrected for the thickness of the triceps
skinfold, estimated mid-arm musclé (including
bone) circumference is consxstently larger 1n
Negro children, .

The conclusions durived from these HESdata
gene‘fally agree with most other anthropometric
comparisons of American white and Negro chil-
dren, the statistics provide current, Lomprehen-
‘sive, and reliable national estimates of body di- )
mensions for Amu’xcan Negro and white children

differences (height and weight) between Negroand ) of both sexes during middle childhood, *
2 . .
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‘- &rable 1, Weight of children by race, sex, and age at last birthday: lshv;ix:ple size, mean, standard.”

deviation, standard error of the mean./and selected percentiles, ted States, 1963-65 *.

= E ' — - v
5 2 , Percentile L
Race, sex, and age .| 'n N X t.s t s - .
' i -] |. +|sth | 10cth| 25¢h | 50th [75¢h | 90th | 95eh - :
. WHITE 1. ‘ L In kilograms * ° . )
) Boys ' . ; o ’ ‘ y . Y ‘ =
6 years-=--ac-ccncaccoa- 489 1,78f 22.0{ 3.39(0.18 | 17.4| 18,2 19.9 } 21.7- 23.7125.9]27.9 ,
7 yearse-=we-ceccaaanan -~-155111,78%| 24,8] 4,11} 0,21 I'19.4| 20.5] 22,21 24.1 | 26.7 | 29,8} 31,7 . §
8 yearse--cc—mcenacnaaoa 27 ,1,739¢{ 27.8{ 5.03| 0,25 (21,3} 22,51 24,5} 27.1}29.9%34,1]36.7 s
9 years-s--eccccomeaa.n | 025 11,730 | 31.4] 6,91 | 0.47 | 23,5 24.6] 26.9 | 29,9 [ 34.0[ 38.7 | 44.0 . 1
10 years=e-scmecrca-uall 509 1,692 %3.9} 6.63| 0,30 25.5( 26.8| 29.6 32,7136,7]42,3]45.75
11 years---comeccmccnenn 542 11,662 | 38.6] 8,32 0,40 | 28.8} 30,1 33,2 | 36,7 | 42,3 | 49.1|.53.5
Girls i h i
- 6 yei:u's ----------------- 461 1,722} 21.6| 3.79{ 0.25 | 16,4 17.5] 19.3 {-21.1 23{3- 25.91] 28.9 ;
. “ 7 yearg--ececcca-c-. ~=-- 1512 11,716y 24.3| 4.17| 0,20 | 18,7} 19.5 21.4 | 23,5} 2645 29.9 31.6
8 vedrsm--ccccacaccaa- -{498 1,674 | 27.6f 5.21| 0.26 20,8 21.9] 23,9 } 26,8 | 30.1 | 34.4 | 37.9
9 yearss-cecocoscmnaaao- 494 11,663 | 31.4| 6.84| 0.42 | 22.8| 24,3 | 26.6 | 29,9 | 34.6 | 41,81} 45.7
10 yearg-we-=mceee-zav-o- | 5051 1,632 1 35.0| 7.97 0.44 | 24.8] 26.2| 29.2 | 34.1 [ 39,4 | 45.4 | 49.3
11 years----ee-ccmmoeem- 477 11,605 | 39.8| 8.75| 0.36 28,6 30.0] 33,5 | 38.2 | 44.9 | 51.8 57.5
» " NEEBQ ) . .: . /.:
. . - , -
Boys .. - . : ‘- ‘
/b yearsee-cemnennon S 84| 2891 51.8] 3.21]0.37{17.5|18.1] 19.5 | 21.3 | 23.4 | 26.4 ] 28.2 .
7 yearse~e--acocaea ses--[ 79|, 286 [ 24,0{ 2,89} 0.32]19.4] 20,1} 21,9 |24.0f26.2]28,1}28,8
8 years<e-eBeocacaoaaa- 79 279 | 27.5}) 3.6710.,62122,4122,9124.,9|1272.2129.4131.9|34.4
. 9 yearseo-ceoo. e 74 269} 29.4} 5,5710,77 21,8} 22,94 25.7}28.,5]32,2{37.3{39.7
10 years --em--cemmmecann 65 264 | 32.41 5,36} 0,72 125.,4] 26,4 28.7 | 31.6( 35.4| 40.1.{ 42.2
11 years----=ec-cfacaaas 83 255| 36.8] 6.29] 0,50 27,6 29.5] 32,4 | 36,1 39.6 | 46.2 | 48,7
Girls N v 2 - ‘\“,"’: o
- . . o -
6 years--=--teoaccaccaao -—t—72 281 21,11 2.95] 0.36 | 15,9 17.8} 1 21.2 24,81 26.3
Y AR 7Y § T TV TRpE A 93 2841 23,7] 3.97] 0,47 119,21 19,7} 2 22,8 28,41 30.3
o 8 years=smsemeomceanamn 113 |« 2811} 27.0f 6.05] 0,37 119.3] 20.4( 2 26.1 34,51 38.3
~ 9 yearse-meesme—ccoao «--| 84 265 ;1.2 6,741 0,62 |23,0] 24.6| 2 29.4 +42,0.] 44,8
10 years----- Seem—— mrem= |77 266 | ¥5.7| 9.021 0,89 ]25.2} 26.3} 2 3.4 48,17 53.4
11 years —~eece-scpevenan| 84 253 1 41.1]11,51 1.45|27.4 28.6‘”3 38,4 59.3.1-63.7 . "
. NOTE: g msample size; N mectimated number of children in population in thougands; X—mean;‘ |
S = stand;.l’rd deviation;” Sz =standard error of the mean, 0
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. Table 2. "Height of children by race, sex, and age at last birthday: sample size, mean, standard
. . deviation, standard error of the mean, and gelected percentiles, United States, 1963-65

l . i ) . . -

X _ Percentile

Race, sex, n. N X s s -
and age \ 4

.t : Sth [ 10ch | 25th | s0th | 75¢h | 90u# |9s5th

2

1 In centimeters . R ~
. , .

.

118.54 5.15] 0.30 } 110.4} 111.7 115.0, 118.4 [ 121.8 |125.7 | 127.8

124,51 5.52}0.28 1115.5] 117.7 | 120.8% 124.3 127.8 [131.8 }134.4

129.8] 5.701 0.29 1120.0) 123.1 1 126.2] 129.7 133.6 {137.1 | 138.8

3 135.516.77} 0.50 | 124.5] 126.9 ,131.6 | 135.7 140, 143.4 1 145.4

1,692 1140.316.62) 0.37 129,41 131.6  136.4 | 140.6 | 144,6 ] 148.5 | 151.3
11 yearsevecencaa {542 1,662 [ 145.7} 6.691 0.30 | 134.6 | 137.3 141.1 [ 145.8 | 150.5154.2 | 158.9 -

Girls - '

6 yeargse=-ee- ~=== 1461 11,722 (117.715.47 0.32 | 108.3| 110.4 | 114.4] 117.6 | 121.5 {?z%; 126.4

7 yearSeeeaceaaeea |512 1,716 [ 123,41 5,86 0.17 | 113.5} 116.2 | 119.6] 123.5 127,2 | 136,57 132, 7

8 ycarSeeeemaa-a. 498 11,674 1129.4;6.19] 0.39 §119.2] 121.4 I?S5.61129.7 | 133.5]137.1]|138.9

9 yearseeeecaecas - 1494 |1,6631135.1]16.72}0.36 {124.2| 127.11{130.6 135.3 | 139.6 | 144.4 | 145.9

10 ycarsmeewannea 1505 | +,632 (| 140.81 7.001} 0.34 129.6 4 132.1 1 135.7 140.7 | 145.6 | 149.7 { 152.7

11 yearseeececeawa 1477 [1,605)|147.3] 7.89| 0.27 135.11 138.7 | 142,71 147.3 | 152.5 | 157.4 {59.4

NEGRO ’ ‘
‘ Boys . )

6 yearseececcaaa - 84 289{119.1|5.11}10.72 |111.3{ 112.7 115.4 118.6_ 122,8 | 125.51129.5

7 yearse- - 79 286 | 125.2 [45.50 | 0.59 {116.3| 118.4 | 121.3| 124.87 129.9 131.9 | 134.5

8 yearsa- ==} 79 2791131.315.33] 0.57 |122.7} 125.0| 127.7 130.8 1} 134.8 } 139.41140.7

‘ 9 yeaxsesecmacmaa [ 74 2691135.0}6.46} 0.67 |.125.3] 127.1 { 130.5{ 135.0 139,8 143,51 144.7
- 10 ‘yehrgeewwwae~a | 65 2641139.6}17.92} 0.97-}127.8 129.7 | 133.4 | 140.6 144,51 148.4 | 151.6

‘11 yearses=cece=ea | 82 255 155.7 8.08| 0.50 {134.5] 136.1 | 141.6 { 146.0 | 149.8 | 154.51 159.2 v

4 .
Girls . .
t - 3 .

1 ]

6 yearsececececaas [ 72 2811118.515.751 0.86 |106.5) 111.7 | 114.6 | 118.5 | 122.5 | 126.5 [ 127.5 .
7 yearsweeecmeaee | 93 |, 2841124.6( 5.55) 0.59 | 115.7] 117.6 $120.3 ] 125.1 | 1282 131..6 | 132.7
, 8 yearseeceaancasaa 1113 281 1129.416.69( 0.52 | 118.7 120.8{124.5( 129.3 | 132.8 | 138.8 | 142.4
. 9 yearseswzeacaa -1 84 265(137.517.80 0.90 | 125, 127.4 | 1328 | 136.4 | 142.6 | 149,8 | 150.8 '
10 yeargee=ceccaa - |77 266 141.8( 9.25| 0.65 [ 129.R | 131.6 ¥38.3 142,11 146.41155.0] 155.9
11 yedrsmaeeemece | 84 | 2531 149.%| 7.42] 0.69 { 136. €140.3 | 144.5] 148.4 | 154.8 | 160.4 | 161.7

i

NOTE: 2 = sample size; N = estimated numﬁér of children in population in chousandsfﬁx = mean;
§ = standard deviation; §;= standard error.of the meag. .
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Table 3, Ponderal index of children by race, sex, and age at last birthday. . sample size, mean,
standard deviation, standard error of the mean, and selected percentiles, United Stétes, 1963-65
Percentile
Race, sex, and age ’ n N X s Sg -
¢ . /) 5th | 10th} 25th| 50th | 75th | 90th | 95th
WHITE Y /// fonderal index “~g -
Boys . . ’ ) '
6 years-----==v-cemnac-= 489 11,787112.8}10.4110.02}12.0]12.1]12.4} 12.7 15.3 13.7 ] 13,8
7 yRArSe--—m—em---o- ---=-}55111,781| 12,9} 0.4410.02|12,0}12.1}12,4(12,9{13.5113.8] 13.9
8 years---C-eccocen-- ~--1537 11,739(13.0}0.48 | 0.02 | 12.0}12.2 |12.6{ 13.1113.6 |13.8] 13.9
9 years-=eecc=---- w~e--~| 525 {1,730]13,1{0.60{0.05|11.9{12.1|12.6{ 13,2 1326 13.94 13.9
10 yearge-~eomecc-concm- 509 }1,692}13.210,5310.02|12,1{12.2112,8} 13,3 1357 }|13.9} 14.0
11 yearg----- B ettt 542 {1,662 13.1]0.60|0.03|12.0]12.2|12.7]13.3]|13.6 ‘13.9 14.0,
Girls _ i Y
6 years-—m--~=---een-o -= 1461 11,722 12.5 0.45 1 0.02 | 12.0}12.1]12.4} 12,8 |.13.3 [13.7 | 13.9
7 years--=-ccmcenmcnena- 512 11,716{12,9]0.50 | 0.03//12.0}12.1}12.4{12,9113.5]13.8] 13.9
8 years~=we-conccama- ~-1498 11,674{13.0]0,55}0.03}12.0f12.1]12.5] 13.1)13.6{13.8} 13.9
9 years-=w=mmmcoscccaon %1494 11,663]|13.0} 0,58 [0.0311.912.1112,5] 13.2}13.6}13.9] 14.0
10 yearse-=s~ccnrccnrna= 505 }1,632113,1}0.63 [0.03]11.9{12.2 |12.61713.2}13.6 |[13.9| 14.0
11 yealgmencnmccrcananas 477 11,605)13.1]0,68 |0.03}11,9,12.1112.61{13.213.7114.0} 14.4
NECRO > H] B J\
Boys :ﬁ" - .
.6 years-ecamcomnmeacanano 84 28912,9]0.36 0,03 12,1}12.2 12,5 13.0{13.4 |13.6| 13,7
7 yearsee-cecaccanans —e=] 79 286 ]13,140,37}0.05}12,5}12.6 |12.8 13,2 }13.6 }|13.9| 14.0 .
8 yearg-Fececmeommoncann 79 2791{13.2}0,36 { 0,03 }12.5}12,6 |12.9| 13,3 }13.7 |13.9| 14.0
9 years$-==c-mececcmcncna- 14 269{13.310,50{0,07)12.2§12.4{13.013.41}13.7|13.9| 14.1 *
10 yearg~-mecemecwen-x =~ 65 264 §13.310.,66}0,06}12.0}12.3)12.9 13.4|13.8[14.0} 14.3
11 yeargec-mmocecmeanan=- 83 255113,310.65]0.06f12.1}112.4}13.0]) 13,4 (13.8}14.0] 14.2
~ M Y s
Girls
6 yearg--gom-wac-m AT 72 2811{13.00.34|0.05]12.3{12.4]12:6].13.0.113.4 [137% | -13.7
7 years«---comemmmacen ~-=1 931 .284113,2}0.48{0.04}12.1{12.2]/12,8] 13, 13.6 | 13.8, 13.9
8 years-eemeccnncen- ---=1113 2811{13,1{0.,57]0.05}|11.8)12.112.6}13.2 13,6 {13:9] 14.0
9 years-e--mrmccoaranan 84 265113.3 10,60 (0.06 |12.1|12.4{13.0§ 13.4|13.8 14,01 14.2 v
10 years -=c-eeccacecacaa 17 266 113,110380]0,07}|11.212,0)12.7}13.3|13.8{14.1] 14.3
11 years---~~=meccaccece 84 253|13.2 40,74 10,09} 11.61z.17712.8] i3.4 [13.8 |14.1 | 14.3
NOTE; n = sample, eize; V- 2ztimated number of childrep in population in thousands; X mean;
8 = StauuaLu déviation; Sg = standard error of the mean, ‘ ’

In computing this ratio height is expressed in inches and weight in pounds’ ‘which produces a

different result than would the use of metrid“mealures.
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Table 4. Sitting height of children by race, sex, and age at last birthday: sample size, mean,
standard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

' N ~ j . );‘
. ‘ * : Percentile
Race, sex, and age n N X! s 8
. . X . " | 5th |10th| 25th | 50th | 75th‘] 90th |95th
. i . : i . . N
: ‘ WHITE \ T . . .In centimeters
Boys .
6 years-r----- geam—m———— 489 11,787 65,01 2.68 ;0.13 60.4 | 61.4 | 63,2|65.166.7 | 68.5 | 69.7
. 7 years--==eccemcrmecncn= 55111,781167.212.741 0.15163.0 {64.0]| 65.467.2 | A8.9.175.58-] 71.8
8 years-—--=c--cecaccaeco 5371 1,739169.5] 2.9 0.12}65.1|65.7{67.6]69.6]71.573.31 74.3
9 yearS-=-=cececcccacnca= 52511,730171.6{3.15( 0.19 | 66.4 {67.4}69.6171.6 |73.7 {75.6 76.7
10 yearsemme=-cmcceneaae 50911,692173.3)3.,0710.20{68.3}169.5]71.4}73.3175.4177.3 1 78.7
11 years-~----ecee~c= ~---154211,662{75.6|3./10] 0.13 | 70.%6 71.5 ]| #3.5175.5|77.7 | 79.6 | 80.7
Girls ° . 1
6 years--e==ea-ceccca—uoo 46111,722 | 64.2 3.00| 0.18 | 59.2 | 60.4 | 62.3 ] 64.3 | 66.1 {68.2 | 69.1
7 years-m--v--- Crem————— 5121 1,716 | 66.412.99] 0.12 ]| 61.5 {62.6 | 64.3 | 66.5 1 68.4 170.4 | 714
8 years----—--cesacecnnen 4981 1,674 68.81{2.89) 0.13 |63.7 |64.8167.1|%68.9 I'70.8 i72.4 ! 73.3
9 years--mmeeecmcceemeon 494 11,6631 7%.1{3.19{ 0.17 {65.8 | 67.1168.9|71.1}}73.4 {75.3 | 76.3
10 years-=—e----cace=mao 5051 1,632} 73.5(3.39| 0.124,] 68.2 {"69.2} 71.1173.5{]75.7 }77.6 | 79.1
11 yearge--e-ceiececceo= 477 11,605}76.513.96] 0.15{70.4 |72.0(74.2|76.2 78.8 | 8.6 | 83.7
NEGRO ’ '
\ ' Boys . .
. N . . .
6 years----eececcccanman 84 289163.212.48]0.35(59.2 {59.7|61L.4|63.2 {64.8 |66.5 | 68.1
7 yearsesee-cecceecamceao 79 286} 65.6 1.2.58] 0.29 | 61.6 | 62.5| 63.5}|65.6 [67.5 |69.1 | 70.1
8 yearse-=-ecmmemcaccmmcan 79 279167.812.81]0.29 |63.5 |64.3166.2|67.5169.4|71.8 | 72.7 /
9 years--—me—=m=-eece-c-- 74 269169.313.69]| 0.40 {63.7 |64.5| 66.7]68.6 {71.7 |74.5 | 75.8
10 years---—e-=e-e-ce-ue - 65 264170.9|3.5410.33164.866.1]68.3}/70.673.2{75.4177.5
11 years--=--=se-ceseaco- 83 255]73.4)3.36)0.37 1 67.8 |[68.7 ) 71.4|73.6 {76.8 [77.5 | 79.3
Girls * h
’ 6 years-me=--cceccecaeanan 72 281162.312,781 0.35|°57.4 | 5828} 60.4|62.3 {64.5]166.2 | 66.6
7 yearg--==c-ceeccccnnan 93 2841 64.9]3.05] 0.40 | 60.0 |62.2|62.7|64.7 {67.0 {69.3 | 70.5
8 years----e=em=ce-o—-a- 113 281 66.6 | 3.50 1.0.26 { 61.5 | 62.4} 64.5]66.3 |68.6 |71.5 | 73.4
9 years------=e-ec-ee--- 84 265169.6 | 3.43] Q.44 | 64.2 165.4|67.4169.5 |71.6 |74.4 | 75.5
10 ye@rg--meeeemccccean= 77 1, 266 | 71.9 [ 3.77] 0.48 [ 66.3 [67.6 | 69.3 [72.5 |74.4 {76.8 | 78.9
11 yearse~=-=ee-ecmcac-- 84 2333475.114.08] 0.38 | 68.3 169.3|72.5{75.3 [78.4-180.3 |-81.4 o

NOTE: 7 = sample size; Na= estimated number of children in ooprlation in thousands; X- mean ;

8 = standard deviation; §; = standard error of Lue mean. I i
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Thble 5. Subischial length of children:by race,

sex, and age a,:ylast

Y

i D I
rthddy: sample size, mean,

3
|
[ standard deviation, standard error of the mean, and selected percentiles, United . States, 1963-65
» — by . — 3
L . . . v oL Percentile = . .
N Race, ‘sex, and age n N- Xi s 85 = ——
: Sth | 10th | 25th | Soth| Z5th | 90tk | 95th
| ‘ - i AR
} W WHITE ’ . In centimeters « b
3 ' " * \‘
[ T <4 \v
A 48.5) 49.6 | 51.51] 53.3] 55.7] 57.8| 59.4
51.6} 53.1{%55.0]57.1}59%2| 61.9| 63.7
54.5]| 55.9 | 58.2| 60.3{ 62.5| 64.7 | 5.7
57.3159.1|61.3]64.1|66.6/ 69.0|.70.3
[ 60°2] 61.6 | 64.3 ] 67.0|69.7|72.2| 73.7
R 63.0} 64.8 | 67.5| 70,1 73.11'75.4 | ‘77.0
| g : :
X 48.21 49.3 | 51.1]53.5]55.7| 57.7{" 59,
| 51.1{ 52.4 | 5478 | 56.9] 59.3] 61.3 | 62.
54.5| 56.0 | 58.2 1 60.5163.2|%65.6 | 67.
57.4159.0 | 61.4 | 63.7|66.7| 701 .71
60.5| 81.7 | 6422 | 67.170.3| 73.1} 74.
63.8 65.6 | 68.370.9|73.8|76.6 | 77,
s1.4) 52.1153.3]55.57 s8.2| 60.5 | .61.8"
54.5155.3156.8{59.3]|61.8]63.8| '65.2
"57.7159.0 {60.7 | 64.0{65.9] 67.7 | 68.7
59.5] 60.6 [ 63.6 | 65.7 | 68.3]| 71.0 | 71.8
60.1]63.1[66.4[69.5]|72.1]75.3| 76.1
65.4| 66.9 170.1|72.4|75.3|78.3| 79.2"
PO - ’ - E
ra : . 3 - -
\ 6 Yearsy-=m-mmemmmmm—mn-= 72| 281]56.2]3.59|0.57]50.3] 51.4 |53.5]56.5{59.0}60.5| 62.1
. 7 yearsy----=m--e- . 93] 284 |59.7{3.22 10.25]54.9|.55.5 [57.2|59.5|62.1]63.7| 65,5
: 8 years-w--mm-een-- -—== | 113| 281 ]62.7 | 4.14 {0.32|56.11758.0-|60.0 | 62.8 | 65.3| 68.2 | 711
9 YeArSememmmmmmmmmmnnn= 84| 265|67.9}5.16]0.56]|60.1]62.0|64.5|67,5|71.1}75.1| 77°4
& i A07yearsemmmmmama-memea-| 77 266 | 69.9|7.06 |0.54 | 62.4.| 65.2 |67.2 | 70.8 | 73.6 | 77.2 | 791
11, years----=nzmmm-ncmen 84| 7253 774.074.18 | 0.41167.3 | 68.5 {71.1|73.677.3]|79.8 | 8.3

§ = standard deviation; §; = standan\i error of the mean.
.. , . .
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NOTE: n = sample size; N» estimated number of children in population

in thousands; X- mean; s
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~ day: sample size,

°

‘lu'Tablé:S. Sitting height/stature ratio (timeB‘IOO) of childrenby race, sei,

mean, stamdard d

|
. « +
: a
14
at
e

_ .and age.af 1dst, birth-
eviation, standard error of the mein, and selected percent- -

<3

ilea, United States, 1963265

X .. B - Percentile
Race, sex, and age n X)', $ L T -
. - o Sth | 10th| 25th | 50th | 75th | 90¢th | 95th
*WHITE Sftting height/stature ratio
e H Boyé . :,
6 years:?e--------~-~--; 489 11,787 54. L.33| 0.06] 53.1153,6; 54.4 |55.3}56,2|56.,7] 57.2
7 years$e-ermererenmasa-r | 351{1,781]°54, 1.34,G.07] 52,2} 52,8{ 53.7 | 54,5 55.4| 56.0 ] 56.5
. 8 years-ewaea qmmmm—————— 537 11,739} 53.6 } 1,20 0.05] 52.1{ 52.4{ 53,2 | 54.1}| 54,7 55.5| 55.9
9 years-—m-dommmecmaweas.. 152571,730§ 52.9} 1,66 | 0.10{ 51,2 51.6] 52.4 | 53.3| 54.2154.8| 55.4
10 years=<eme-mwemueccaa 1509 {1,692] 52,3 1 1,41 0.096] 50.8} 51,2 )-51.9|52,7|53.6|54:3] 54.7
11 years~=emecmrccncacn. 542 11,662} 51,9 { 1.36 | 0.Q6 ] S0.4] 51.0] 51.552.3| 53.2|53.8{ 54.5
’ “Girls ‘
., 6 yearse—cortcnnnamaaa -- 1461 11,7221 54,6 | 1,54 10,08 52.8{ 53.3| 54.2 [55.1']| 55.9]|56.8] 57.3
1,716 53.8} 1.51 0,08 52,1} 52.6| 53.4 | 546.4| 55.2| 55.8 | 56.5
1,674]1 53.211,7910.12} 51.4 52,1} 52.8|53.6| 54.5}55.4| 55.8
1,663{ 52,71 1:4510.08] 51,1 51.4} 52.2 53,2 | 54,1} 54,7 | 55.2
1,632 52,2 | 1,28 | 0.06 | 50.5{ 51.1| 51.8152.6 53.5| 54.3| 54.7
1,605 52,0 1.92 {0,101 50,2 ] 50.6 | 51.4 | 52.4} 53.3| 53.9 | 54.6
- “1 '
289| 53.0} 1.3910,10} 51,2} 51.7| 52.6 | 53.6 | 54.5}{55.0 | ,55.0
2861 52,6 |11,19}10.14}51.,0|51,3}|52.1|52.8]53,7{54.5| 54.8
279 51.2 1.24 10,10 50,0} 50.4 { 51.3 | 52,2 | 52,8 53.7 | 54,4
2691 51, 1,5110.27} 49,7 50.2| 50.9 |'51.7 | 52,6 | 53.5}| 53.9
10-years--~-pmcvccnwcaca | 65 2641 50.8 12,26 | 0.26} 49,0 49.3} 50.2 | 50.8 | 52,2}52.9| 53.9
11 years~weecmcrencann -~ 1 837 255( 50.5 2£§5& 0.29] 48,8 49,3 50.1 {50.7}51.5[52.2.| %52.7
‘ - ﬂclrls ! ol -
1 v £\ - . o ‘ v ou
.6 yegts---%i------x ----- 772 281( 52.6 y1.2310.,17} 51,2 51.6| 52.2 | 52,8} 53.8|54.8{ 55.
7 years-=-itemcccacecmaacd 93 284} 52.141,1810.10}50.7}51.2| 51.7|52.5]| 53.4{54.1| 54.
8 years-e-decocmncean ~== 1113 281} 51,6 11,5210,10} 49.6| 50.2} 51.0-152.2} 53.2{53.7| 53.
9 yearge--promceseceoa - | 84 265| 50.7 11,49 10,19 48.8]49.3] 50.2 |51.2}52,3]52.9} 53.
10 yearse=vacmccecmccana- 77 266 | 50,8 2,7710.35| 48.8] 49,2} 49,9 | 51,1} 51.8]|52.6 | S3.
1l years-----= - — >- | 84 2531 50.4 |.1.23 | 0.14| 49,0 49,3 50.1 [50.7{ 51.6}52.6 | 53.
kO?E; n = sample siie: IW-estlmucep number of children in populatién in chousands;’jf- mean;
8 = gtandard q'eyiati-on; S;:standarq error of the mean,
- - " - - . - .
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Table 7. Buttock-knee length of children by race, sex, and age at last b’li‘thday: sample *size,
, mean, standard d‘eviat.‘lon, standard error of the mean, and selected percentiles, United States,

196365
.L - 4
- A ~ b G .
- Percentile ’
Race, sex, and age n N X s 85 !
: . . Sth | 10th | 25¢h | 50th| 75th | 90ch | 95th |
. WHITE' ) . . In centimeters . -
N .
Boys _ &,

" 6 yearseeesecespeccene- 489]1,787] 37.1] 2.79] 0.230] 31.7| 33.7| 35.6 | 37.3} 389} 40.7| 41.5"
7 yearsesceo==- sceecan= 551 11,7811 39.6} 3.00) 0.26] 33.7] 36.2] 38.0]39.8] 41:5} 43.2 | 44.4
8 yearsese== ~esemmceace 5371 15,739 41.67 3.21} 0.26| 35.7| 37.71 40.2 [41.7]143.61 45.2 46.3
9 yearsmessameccececnens 525| 1,730] 44.0| 3.46) 0.27] 37.8| 40.0] 41.9 }44.1| 46.1 | 47.81 49.5
10 years----e=cececeoaao 509 |'1,692| 45.9% 3.481 0.25] 40.01 41.4-44.2 {46.2) 48.21 49.9| '50.9
11 years-se-%-ec-o-o--o 5421 1,662} 48.2| 3.45| 0.24].42.2 44.1| 46.2 | 48.3] 50.5] 52.5| 53.7

. Girls -~ ;

[ ) -
36 yearsmesm==seme=~--=-| 461}1,722{ 37.5| 2.86| 6.23| 32.3| 33.7| 36.137.8 39.5| 40.8} 41.7

7 ydarseescecccccacnanc ‘5125 1,716} 39.71 3,07} 0.24} 34.4| 35.81 38.2 139.9]41.7} 43.3] 44.1°
8 yedrghe------ meccemee 498°| 1,674 42.31 3.091 0.19| 37.2| 38.7} 40.5142.51 44.4] 46.1 47.4
9 -yearé'i--------------- 494 11,663] 44.6] 3.49 0.26] 38.6{ 40.4 [ 42.6144.6]47.1] 48.9 50.2
10 yearSeececscmcecnnax 505 1,632| 46.8| 3.62]'0.28] 40.4] 42.2{.44.4 |47.2] 49.4] 5L.1 [ 52.5
kit yearse-secsasecencce 4771 1,605 49.4 3.47}0.22] 43.8].45.3| 47.3 | 49.4| 51.7| 53.8| 55%6
084 o 289 37.7| 3.38| 072} 30.6) 31.8] 36.2 {38.2[40.3} 41.5] 41.9
- 79 286} 40.31 3.48}0.57] 32.8| 34.6) 38.9 j40.6|42.4| 4473 ) 45.2
B yearseece=- .19 3791 42.3) 3.54] 0.69| 35.6| 36.8] 40.3 |42.8} 44.8 | 46.4 ] 47.2
9 yparswesccescecerecme 74 269| 43.8) 3.75]0.70] 36.7] 38.6| 41.4 |44.21 46.6 ] 48.5] 49.5
0 yearse---- senceman-o 65 264 46.1] 4.02]0.74) 39.2| 41.5) 44.1 |46.6| 48.7| 50.6 51.3
11 yearsesevrecmceceo—a.- 83 255| 48.3] 3.91] 0.67| 40.2} 44.3 | 46,7 |48.6| 50.7 | 52.5 53.8

. Girls C . )
6 yearse-seceseccaccea- 72 281 37.8] 3.76 ] 0.81| 30.4] 32.5] 35.2 | 38.60 81.0 | 422} 42.7- -

7 yearse-se-- Secscecvaca 93 284 | 40.4| 3.44| 0.56| 33.1| 35.3 ) 39.2{40.7Na2.9 ] 44.11 45.1

‘1;8_,ye8ts------- --------- 113 281} 42.8} 3.781 0.50] 35.6( 37.7140.6 |43.1 5.3] 47.5| 48.9
9 yearSeese-esccecceace 84| .. 2651=45.9] 4.10} 0.74] 38.6§ 40.5] 43.2 {46.1| 48.7 | 51.6 53.1
10 yearsessecsccccowcvea= | 77 266 | 48.41} 3.96 |-0.82| 41.7] 44.5] 46.3 | 48.41 50.5] 52.8 56.2

. “11_yearse-mceccaceccncy 84 253+ 51.0) 4.67 ] 0.78| 41.8] 44.6 | 48 ?LSI.I 54.4] 57.4 57.9

T ! [ . T
NOIE: # = sample sice; V= estimated number of children in population in thousands; X~ mean;
§ = standard deviation; $; = standard error of the mean. . .
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Table 8. Poplitéal height of children by race, sex, and age af last birthday: sample s;tzei mean,
9

standard deviation, standard erroy of the mean, and selected percentiles, Unjted States, 1963-65
. : ", ~ g }’ercenfiie
Race, sex, and age n N X $ Sz
’ % : 1. Sth | 10th | 25th | 50th | 75th | 90th | 95th
. S :
\ ‘;’it >
timeters.
' ’_J;'H'l_ _ In centimeters
° Boys
—— N . ‘ 3 V S
6 years-e-e-we-cccoonaeoo 48911,7871 29.1] 1. 0.08 | 26.3] 26.8] 27.8]29.230.3|31.4] 32,1 ~
] years-e=weemcweeo--e== 155111,7811 30.9} 1.93 ] 0.13| 27.9] 28.5] 29-6{ 30.9) 32,2 | 33.5| 34.3
8 yedrs-=m-cecrocccmennn $371{1,739{ 32.4{1.94{0,13129.1] 29.9{ 31.2|-32,5{33.7{34.8] 35.6
9 years-—~--- e -52511,730] 34,11 2,16 10.13} 30,7} 3%.4 | 32,7} 34,2 35,5 |36.8; 37.7
10 years-ecemcecmcmecnan 509 %,692 35,7} 2.20§0.12} 32,1 32.8 | 34.3[35.7137.3{38.8] 39.6
11 years----s-=-ve-muee- 542 1,662 | 37,2] 2,30} 0.12 | 33,5} 34.3| 35.6 | 37.2 3{.& 40.2] 41,0
éirls
6 yearS--; -------------- 1461 1,722. 28.8(1.,75]0.07 [ 25.8} 26.5| 27.6|28.8]30.1 {31.0{ 3.7
7 years-es~e-cmecccm—aa" 1512 11,716} 30,5 1.93| 0.08] 27.4{ 28.1{29.2{30.4{31.732.9( 33.7 -«
8 yearg-~-=-wuc---= ————— 1,6741.32,312.01 0,131 29.0| 29.5] 31.1|32.4]33.6|34.7| 33.6
9 yearse=werccemcmmanneo 1,663] 34.0 | 2.26% 0.12! 30.2] 31.2 | 32.5]33.9}35.4 | 37.2 5 9.
+ 10 years--- 1,6321 35.512.,4810.15| 31.67 32.5 | 34.0{ 35.4 ] 37.1 {38.8{ 39.7
11 years---cc-ecmeenam- 1,605| 37.4} 2.5810.14| 33.2] 34.1} 35.7]37.41}39.1 [40.5] 4l.4
: NEGRO ‘ :
3 Boys’ ' . . .
g 6 YOALS-—memmmn e m——nn- 84| 289)30.2]1.92]0.31)27.1 28.1|28.8]30.1}31.4[33.2] 33.8
+ ] years==--c-cmammcncace 79 286} 32,111.98]0.29}29.1429.7}30.6]31.9§33.6]|34.7 35.5
- 8 yearg-=----~ eeecmeann 79 2791 33.9|1.95)0.181{ 31,0 31.4 | 32,5} 33.9}135.3|36.7] 37.5
9 years--e-ccmccomcmcaen 74 269 35.4 | 2,12 {0.22 | 32.04 33,0 34.0}35.2 §36.9|38.4] 38.8
10 years--~-----e-ccoun- 65 2641 36.8 ) 2,26 |0.28 ] 33,1| 34.1 ¢ 35.3'[36.8}38.5139.6] 40,3
11 yearse-ri-mmcmcecaca-n 83 255| 38.412.16 0,18 35,1] 35.6 ] 36.8138.5|39.841.3] 42,2 .
;5 Gifl_s } . g . .
6 years----~cemoccmeooao 72 281} 29.912.03|0.30| 26,4} 27.2[\28.7{29.7131.5[32.7]| 33.4 %
7 yearge==c-ou e el 93 284} 31.81 1,960,191 29.2],29.9130,4 | 31.7 | 33,2 {34.4| 35,2
8 yearg---c-ceccrmceccns 113 281 33,21 2,35 0.25} 29,7 30.5 .7133.1134.5[36.3( 37.4
( .9 yeargmcecccememcraen~ 84 265 3507 | 2.3910.24131,9] 32,5 34.0|35,7137.6 |38.8| 39.6
10 yearg-~e~m-c--em-oon- 77 266(.36.9 | 2.3710.35] 33,1} 33.71353[36.9]38.4|39.6} 40.3
11 years-=-e-=-=--c=--=- 84 253 | 38.5] 2.66 [ 0.38 | 34.2| 35,1 36.(‘ 38.4 | 40,4 }41.7) 43,3 ¥
NOTE: n = sample size, N= estimated number of children in populatiox in thousands; X = mean;
8 = standard deviation; 8= standard error of the mean. \
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R . Percentile
Race, sex, and age n N X $ S : ‘.-,
Fad 5th 10th | 25¢h | 50th | 75¢h | §0Oth | 95¢h
=5 . ) — -
WHITE & In centimeters
Boys ' . .
6 yearseeecesecgrnecceae | 489 i,787 17.9]1.01] 0.06 | 16.2| 16.5117.2}17.8] 18.6{ 19.4
] yearseme-e=e-ceme-maee-} 551 11,781 {18.8|1.05} 0.06 | 17.1 | 17.4 | 18.1} 18.8} 19.6{ 20.4
8 yearsreeioecedae-cana. 537 11,739 119.6}1.20 0.07|17.7 18,1 }18,7| 19.61 20,5} 21.3
2 yearsaceseaccaa. LR LT 52511,730 120.7{1,23] 0.0718.5{ 19.1; 19.9] 20.6} 21,51 22,4
10 yearseeeeccaea cemmeew 509 {1,692 | 21,4 ]1.30] 0.06}19.21{ 20.0]20.4] 21.41 22.4} 23,2
1]l yearsee~cecemccceuras 542 1‘,662' 22.3[1.34} 0,07} 20.1 ] 20.4 §21.3]22,3| 23.2| 24.1 |
Girls ’ ) .
6 yearseeeeee A eeeeae EL 4%1 1,722 {17.7{1.07| 0.08 15.2 16.2 117,1|17.7| 18.5} 19.2 19.6
7 yearsee--mececccamnnee 512 {1,716 | 18.5{1.06} 0.04 | 16:6 | 17.1 | 17.7 | 18.5( 19.3 | 19.9| 20.5
8 yearseew-cececcececcas 498 {1,674 119.4|1.14§ 0,06 {17.4 | 18.1|18.5| 19.5] 20.3| 21.0 21.5
9 yearseewecceccewem=eee | 494 11,663 {20.3]1.20} 0.06}18.2) 18,6 |19.5}20.4! 21,1{ 21.9 22.5
10 yearsee~esaceccecan ~-1505}1,632 {21.1(1.33}0.06}{19,1]19.4(20.3421.2}22.122.8] 23.3
11 yearseeeevecaces wwe==147711,605[22.0|1..27| 0.06} 20.01 20,3 {21.1}21.9} 22.9]23.7] 24.2
- -~ -
NEGRO N
Boys \ : . !
6 yearseeememesaceeemeee| 84| 289 118.5!1.07]0.1716.7[17.1]17.7}18.5}19.2[19.9| 20.5
7 yearg--ceeeuenaee eweea | 79 286 {19.5(1.02] 9.12{17.5}18.0|18.7 | 19.5 20,2 | 20.8 |- 21.3
8 yearseess-eee seeemsese -79 ) .279 {20.4[1.061 0.14118,819.1{19.6 [20.4] 21,2/ 22,0} 22.4
9 yeArSeas-eeca= cesane - | 74 269 121.211.30)/0.12}18.9§19.4|20.3]21,2]21.9]22.8] 24.1
yearseececa acncencan | 65 64 122.0)1,22}0.15|20.1}20.3[20.9}22,1]22.9| 23.6 23.9
N n years-ff-----qr ----- - 83 5)22.911.20} 0.12{20.71}21.2|22,11}23.1] 23.6] 24.3 24.8
Girls ’ 1 i " R e ‘
. ) ) ..
6 'years----f--; ---------- 72 281 [18.4[1.10] 0.14
7 yeargeeeveehecoe ~ceew| 93 284 119.3(0.97{ 0.10
8 yearseesscccacccccecaa | 113¥ 81 120.0)1.26( 0.10 3
9 yearseee-mma- e nemoen -} 84 |- 265|21.2[1.40] 0.18 |-+ 2
., 10 years=ceoe- emmeceacan 77 2669 22,211.20} 0.18 .5
11 yearsee-eees emmenmee= | 84 253 | 22.7.132<571 0.20 6
- 4= 71

/
F
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Table 9. Foot lengchh of children by race,  sex, and
ard deviation, standard error of the mean, and

N,

P

agg at last birthday: sample size, mea

~

[
»

sBlected percentiles, United States, 196365

n, stande-

NOTE: 7 = sample size; N = estimated number of children in p

& = standapd deviation; §; = standard exrrpr of-the mean.
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Table 10. Acromion-olecranon length of children by race, sex, and age at last birthday: sample
size, mean, standard deviation, standard error of the mean, and selected percentiles, United
States, 1963«65 .

z

¥ ~
- ) ' ' . N Percentile
v N
Race, sex, and age n N X1l is- 85, —
) 1 Sth { 10th | 25¢h | 50th | 75¢h | 9eth | 95¢h
I _ .
1 WHITE | ) ’ ! In centimeters
¢ . Boys ! ’ . ‘

6 yearse=-reaa-e cemeeceo[ 4891 1,787-) 23,7 [ 1,31} 0.08 | 21.5] 22.1 | 22.7| 23.6 | 24.6'} 25.6 | 25.9
7-yearsemeeaceomoeeaaeca | 551 | 1,781 | 25.0 [ 1237} 0,08} 22.6 | 23.2 |24.1 | 25.1 | 25.9] 26.7 | 2704
8 years-=eew-eccere-eme-| 537 11,739 | 26.2 71,39 0.08 | 23.9| 24,4 | 25.3 | 26.3 | 27.2| 28.1 | 28.7
9 yearse-eeceas omceee-s| 52541,730 | 27.6 {1.60| 0.11 | 25.11 25.5 | 26.4 | 27.5 | 28.6 | 29.8 | 30.5
10" years===e-=mpoceemen-| 509 | 1,692 | 28.6 | 1.66 | 0.07 | 25.W26.5 | 27.6 | 28.7 | 29.8| 30.8 | 31.4
11 yearse-=-e-~cemme--=-| 542 [ 1,662 | 30.0 | 1.85| 0.08 | 27.2 | 27.7 [ 28.8| 30.1 | 31.2132.3 | 33°0

o Girls . . ) ’
-6 yearseeeecmans S, 4611 1,722  23.4 { 1.41] 0.0 | 21.2| 21.5 | 22.5{ 23.5 | 24.5 25.3 | 25.8
7 yearseeeemmoe- eeomeeee ! 512 11,716 [ 24.6 | 1.41 1] 0.04 | 22.3 | 22:8 | 23.6 | 24.6 | 25. %] 26.5 | .26.8
8 yearseeeemacenn m—eee==li498 | 1,674 | 26.1 | 1.57 | 0.08 | 23.5| 24.2 | 25.2 | 26.2 | 27.2| 28.3 -§9.o
9 yearses-eas-as cermane %494 | 1,663 [ 27.5]1.61{0.09 25.1] 25.4 | 26.4] 27.5|28.6|29.7 | B0.4
10 yearse=-eeemeen ————— =150511,632|28.8 | 1.88]0.0925.9] 26.5 | 27.5| 28.8 | 30.1{ 31.3 | 31.8
11 Yearseesemeecannes ~=<|*%»7 11,605 )| 30.4 | 1.88] 0.08 | 27.4| 28.2 | 29.2| 30.4 | 31.8{ 32.9 | 33.6

NEGRO | ) 1 i
i Boys .
o 6 yearses<reeaceolocioen| 84| 289 |24.1 |1.32]0.16|22.2 | 22.4 | 23.2] 26.1 | 25.1 | 25.9 | 26.6
7 yearge< s-cmeraee! 791 286 [25.2 |1.58]0.15|22.7|23.1 |24.0]25.3|26.3]27.6 | 28.2
8 yearseememamsecamecan «| 791 279 126.9 [1.16]0.15|24.9|25.3 |26.2|27.0 | 27.6| 28.4 | 28.8
9 yearseess-edicamcacman| 74 269 |27.6 |1.52|0.24 [24.7 | 25.4 |26.6| 27.6 | 28.6 |29.6 | 29.9
10" years=aee-ne- wm=aemeel 65 264 128.2 [1.88]0.2225.2126.2 |27.3]28.3129.7|30.6| 30.8
11 yedis-=an=-nn- ~—aecean 83| 25530.2 |1.640.15|27.828.2 [29.0}30.1 |31.3|32.7 | 33.5
Girls N . -

A 6 years--wsoc-ZenSiecae-| 72| 281 |23.9 | 1.44]0.16|21.3]| 22,0 | 23.1] 24.1 | 24.9 | 25.7 | 26.2
7 Yearseeeemenas e 93| 2841254 {1.35(0.14]23.3|24.0 [24.4]25.2|26.4)27.4| 27.8
8 yearseosspocseececsne~s| 113 [ 281 | 26.4 |1.68 | 0.15|23.8| 24.3 |25.2| 26,2 | 27.5| 28.8 | 29.6.
9 yearsewemem-aceams-=ac| 84| 265|28.2 1.74]0.16]24.7|26.1 [27.1]|28.1129.4|30.6 | 31.1
10 years=eema= ————- me=e|. 771 266 [29.71.85|0.22|26.6|27.3 |28.4| 29.6 | 30.9|32.2 | 32.8
11 yearseeeee-e- --e-em--| 84| 253 131.1}2.0Q|0.24]27.7)283 [30.0|31.032:6|33.8| 34.3

NCIL: n = sample size; N = estimated number of children in population in ‘thousands; X- mean;
8 = standard deviation; 3; = standard error of the mean.
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:I'able 11.

Elbow-wrist

mean, gtandard deviation, standard

length of children by race, sex, and age at last birthday:

sdmple size, -

erroxr of the mean, and selected percentiles, United States,

1963-65
. Percentile
Race, sex, and age N |'.X &5 .
- Sth | 10th | 25th | 50th | 75¢h [ 90th | 95th |
In cent:imet:e_‘rs' '
- ’ .'
6 years---=ec-e=- - 1,787 18.2] 0.97] 0.05) 16.5] 17.0] 17.4 | 18.2 | 18:8 | 19.6| 19.9
7 yearsee-ceceeeecemcnecn 1,781 19.2711.11} 0,07} 17.4| 17.8} 18.4 }19.2}19.8 }20.7| 21.1
8 years--~-< e-ne- J4,739] 20.0] 1.15/ 0.8} 18.1] 18.5| 19.3} 20.1 | 20.8 | 21.6| 21.9
1,7304 21.1| 1.22|0.08|19.1|19.4] 20,2} 21.1| 21.8 | 22.7] 23.3
1,692] 21.8| 1.24 | 0.07 19.7} 20.2 | 21.1}21.8] 22.8 [ 23.6| 23.9
~ 1,662 22.8) 1.40| 0.05| 20.5] 21.1| 22.0} 22.8) 23.7 | 24.7| 25.3
1,722 17.7 0.06 16.0] 16.3] 17.1{17.7] 18.5
1,716 18.7 0.05]17.0] 17.3} 18.0| 18,6} 19.5
1,674 19.7 0.05]|17.7] 182 18.8{19.7] 20.6
1,663] 20.7 0.07] 18.8} 19.2 8 8]20.6|21.6 ‘
1,632] 21.7 0.05}19.5] 20.1§ 2 21.7 1] 22.7
1l yearsemeesseecemmaces 1,605] 22.9. 0.06]20.5] 21.11} 21. 9 22.8 23.8
6 yearseeememmemems=sen 289 | 19.0 0.16}17.1|17.6 ] 18.3 ] 18.8] 19.7 | 20.5] 20.8
7 yearseecescemccccnncns 286 | 20.1. 0.12}18.3|18.6/19.2}19.9] 20.8 | 21.8| 22.4
T B yearsece<iitececeacaas 2797 21.0 0.13)19.2]19.5}20.2}21.0] 21.8 {22.7] 23.1
9 yearseepeecoccacaceoan 269 21.9 0.14]20.1}20.3}20.921.7] 22.7(23.7] 24.5
210 yearseceeeaceneecanas 264 | 22.6 0.20] 20.6 | 21.2| 21.8 | 22.6{ 23.5}24.4{ 24.8
11 yearsesveamecccccmcee 2551 23.8 0.11] 21,7} 22.2| 23.1]23.8] 24.6 {25.3] 25.8
6 yearsee-mecaccccocanan 2811 18.6f 1.11{0.17| 16.4 . 17.1{18.1{18.7 19.5]120.0| 20.5
7 years-eeecancmcsincce~ 284) 15,611,101 0.10( 18.0f 18.2( 18.8{19.6| 20.5] 21.0{| 21.6
8 yearseeesncumececccnns 281| 20.6| 1.3410.11| 18,6 19.+] 19.6 | 20.5] 21.4 | 22.4| 23.1
9 yearseeesccacusccacas- 265{ 22.01{1.4210.13+19.6}20.14 21.1]21.9) 23.+{23.9) 24.5
10 years-e=ecs-eccce-cace 266 23.1}11.6210.18| 21.1| 21.3} 22.1}22.9} 24.1]25.2] 25.9
11 yearsewseeecaccacencs 253} 24.3(1.59}0.22}21.7|22.2§22.9]\24.3{ 25.4|26.5| 26.9
£
L ]
NOTE: n = sample size, N= estimated number of children in population in thousands X = mean;

ERIC

Aruitoxt provided by Eic:
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8 = gtandard deviat:ion S = standard error of the mean.
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Table 12. Hand length of children by~yace, ' sex, and age at éZast birthday: sample size, mean,

standard deviation, standard error of the mean, and selected rcentiles, United States, 1963-65 . |
—— —7 = \
3;:’, . _ - Percentile T |
Race, sex, an'd/ge n N X s S 7 — :
. Sth | 10th’| 25th | s0th | 75th | 90th | 95¢h ]
. WHITE ) > . In centimeters -
. + % - .
6y wseesmeeacvewns {489 11,787 12,9]0.68] 0.04 511.7 '12.i L£i4 13.1]13.6 |13.9 | 16.5
7 yearseeeeceececaecewaaa | 551 11,781 13.5]0.71| 0.04 } 12.2 Lz.aﬁflg.l 13.5114.0 |14.6 | 14.3
~ 8 yearsee-ecmseces-e-eea 1537 (1,739 14,17 0.81| 0,04 | 12.5( 13.%]13.5|14.2 | 14.7 | 15.3 | 14.8
9 yearseewessveacacwewe-a!52511,730] 14.6|0.78] 0.04 | 13.2 25114.2|14.6 | 15.2 {15.7 | 15.6
10 yearsemeeesvececn-waea | 509 [ 1,692 15.1 | 0.82( 0.04 { 23.7 [*¥4.1 | 14.5[15.1|15.7 |16.3 | 15.9
11 years-o-s-m--ececcens | 542 11,662 | 15.7+0.87 | 0.03.{ 14.2 14,4 | 15.1 | 15.6"} 16.3 | 16.8 | 17.3
Girls ‘
‘ 6 yearseeea-- mececcscoae 461 | 1,722} 12.8{0.70} 0.04 | 11.4| 11,8 | 12.2{12.7]13.4 |13.8 14.2
7 yearseewcuvcecmacae ==« {512 (1,716 13.3[0.76{ 0.03 | 12,1 12.3|12.8(13.4]133.8 {14.46| 14.7
8 yearsewweeccvcocencne ~]49811,674113.9]/0.760.05|12.4| 13.0(13.313.8]14.5 |14.9 | 15.4
9 yearsev=pevemvacco-ae-|494 11,663} 14.6|0.77) 0.04 | 13.2] 13:4|14.1114.5]| 15.1 {15.7| 16.0
10 yearsewecceave-a we==w=1505]1,632}|15.10.86} 0.04 ; 13.5]| 14.0 | 14.4[15.2]15.7 {16.4 | 16.7
11 yedrseeee-vecanme-wew | 477 [1,605] 15.9|0.91} 0.04 | 14.3 | 14.6 | 15.2[15.816.6 {17.2 | 17.6
’ L ‘ NEGRO . -
. Boys . .
6 years-e<=ee-eem=aeecee | 84| 289 13.6|0.66[0.09|12.3[ 12.6]13.1]13.6]14.1 |14.6 | 14.8
7 yearsmews~comecumcvaann 79 2861 14.20.71§0.09(13.1] 13.2]13.6}14.2|<14.7 }15.3 | 15.7
. 8 yearsevwvernccavncnaces| 79 2791 14.710.734 0.10 } 13.5{ 13.7{14.2}14.7 | 15.4 |15.7 ] 15.8
9 yearSeevedrvocnccnuana - 74 269 15.2|0.83( 0.07 | 13.8) 14.1|14.5|15.2|15.7 [16.5] 16.9
10 yearse=heavemaw .oene 65 2641 15.7 | 0.84| 0.11 | 1422 14.4 {15.1 ] 15.7 | 16.4 {16.8 17.0'
11 yearseweeccvocccavncnn 83 2551 16.3}0.76] 0.07 | 14.9{ 15.2 }15.8]|16.4] 16.8 17}4 17.7°,

Girls ; - N )
yearsee-estloademacaee | 72| 281(713.6|0.85| 0.09 [12-1[12.3{135.0|13.6 14.3 { 14.7 | 14.8
yearsesw-esvac-acvaan- | 93 2841 14.2.(0.721 0.09 { 13.0| 13.1 [ 13.5| 14.2% 14.6 | 15.2 | 15.5

8 yearssewwsmaccenc-acec | 113 281 14.6 | 0+89| 0.08 | 13.1| 13.3]13.8{14.5}15.3 {15.9| 16.4
= T /79 yearSeswasccac_ac wee=e 84 265| 15.5{1.01} 0.08 | 13.9{ 15.2|14.6|15.4] 16.2 {16.8 | 17.3
« 10 ygar oooemevenmee= | 77 266 16.011.00f 0.08 { 14.3] 15.0}15.3115.8]16.6 |17.3| 17.8
11 %sat§:::5--._-------- 84 2531 16.6|1.06} 0.12 | 15.0] 15.2|15.8|16.6]17.5]18.3| 18.5
< M £ -
Q‘E N = sample size; N'= estimated number of children in population in thousands, X = mean;
s

tandard deviation; S = standard error of the mean.
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* Table 13, Blacromial breadth of children by race, sex, and age at last birthday: sample size, e
© mean, standard deviation, standard error of the mean, and selected percentiles, United States, s 4

1963-65 . ) .
— T ¥ p
‘ Jn ' Percentile
t Race, sex, wnd age .| n N X s S -
) Sth | 10th | 25¢th | 50th | 75th | 90th [.95th .
WHITE ’ -t ) In centimeters )
Boys. - -
6 years ----- PR, 489 1,787 26.0 | 1.59710.09 | 23.4 | 24.1 !25.1 | 26.1 | 27.2 | 25.1 | 28.8 -
7 yBarg=-c-eccccmccceaoa 551.11,781| 27,3 | 1.57 {0.09]24.7% 25,3 | 26.3 | 27.3 | 28.4 | 29.5 30.1
8 years--iewam-o semmm—en 537 11,739} 28.4 1,76 [0,10]|25.4{26.2]27.3}128.4129.630.7| 31.4
9 years--sm-ec=ciocvono- 525 11,7301} 29.611.92 |0.11|27.0] 27,4 ]28.4 |29.5 |30.8|32.21 32.9
10 years---==we--- T 509 |1,6924 30.411,97 [0,12]27.3|28,2]29.4|30.5]|31.7]32.7 33.6 °
- 11 years-~----- e 542 1,662 31.8} 2.06 Ozl3 28.829.4 {30.5(31.833.11{34.5 35.3
Girls - v
6 years---emcecccecea.oo Y 461 11,722 25.8 | 1.53 .0923.3(24.0]26.725.7]26.7 27.7 1 28,
7 yearse-e-cccmcncca- ~-="1512 {1,716 ngo 1.54 (0,06 |24.5125.1]26.,0|27.0]27.8}|28.8] 29.6
8 yearg8-mecccecccacaea.. 498 {1,674 28,1} 1.62 (0.09]25.4§26,2}27.1|28,1]29.4130.5 30.8
9 years-=--=-cec-na-- “r- 494 11,663 29.2| 1.87 10.0926.3|27.1f28.1]29.3]30.5|31.6 32.3 .
10 years------- “aeemeala 505 11,6321 30.4]1.93 |0.09(27.428,1}29.1]30.4}31.7]33.1] 33.7 R
11 years---vc-ccceccmma_. 477 11,605 31.8¢ 2.23 {0,210 28.629.3[30,5{31.7)33.3|34.6| 35.5 <
NEGRO . .
. " Boys . . .
6 years-r-s-senm-=omaoe 4 84| "289°26.3|1.95 10.27|23.7(26.2 | 25.0 | 26.2 | 27.4 | 29.0 | 29.5 |
7 years : 2861 27,4 1.58 10,17 | 24.5| 25.3| 26.4 | 27.3 ]| 28.4|29.5| 30,0
. 2791 28.94 1.61 |0.22125.7| 26.9} 27.7 | 29.1] 3021 30.9] 31.6
269} 29.6] 2,00 |0.25 26.3 27,0} 28.3}129,5]31,1|31.9] 33,0
- 2641 30.81 1,57 |0.27 | 28.4{ 29.1(29.6 | 30.8 | 32,1 33.1] .33.6
255} 32.0) 1,90 | 0,16 | 28.9] 30,0 30.8 | 32.1 | 33.0 | 34.3 .?:5.6
- 281 26.0| 1.73.0.23 | 23.2| 23.7| 24.8 | 25.% | 27.3 | 28.5 28.9 o
2841 27.21{1.52 10,18 25.1] 25.3| 26.1{ 27.2 28_.-‘ 29.14 30,1 °
281} 28.112.01 [{0,25(25.5] 26.1| 26.7 | 27.8] 29,6 {30.7| 31.5
265| 29.8{ 2.00 10,22 | 26.6{27,3128,3{29.6(31.2]32.5] $83.4
266 31.11 2.14 |0.28 | 27.1{ 28.4[29.,7{31.2]32.6{33.6| 34.1
253} 32.3 7 10.29} 28.8] 29.4 | 30.5] 32,2 34.4|35.6 | 35.9
[
NOTE: n = sample size; N = estimated number of children in population in thousands, X = mean,
§ = standard deviation; .9, = standard error of the mean.
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Table 14. Bicristal breadth of children by race, sex, and age at last birthday: sample size,
mean, standard deviation, standard error of the mean, and selected percentiles, United States,
1963-65 . , .

Percentile
Race, sex, and.age ni{. N T Xl s 85
L Sth | 10th| 25th| 50th| 75th 95th
. L
WHITE @ - I centimeters
. Boys ‘ : , s - . . .

6 years-=-=- emceeecsneas 48911,787) 18.2}1.28] 0.98 6.1 16.5' 17.3] 18.24 19.2 20.4

© 7 yoarSeweeeeve- 55111,7811*19.01.36) 0.07| 16.8 | 17.3y i5.1| 19.1] 19.8 21,2

8 yearseescccccecccnnna. 53711,739419.8|1.61] 0.07 | 17.3}17.91 18.7{ 19.7] 20.6 22,4

9 yearseee== wwesemssscea 52511,730) 20.7}1.90} 0.11 | 18.2|18.7| 19.56]{ 20.6] 21.6 23.9

10 yearseeepiceceax remeee 30911,692(21,312.02| 0.09] 18.4119.2]| 20,2} 21.2] 22.3 26,4

11 yearjwetecrnncaccacana S54211,662| 22.312.16¢ 0.08119.5|20.2( 21.1} 22.21| 23.4 25.9

Girls s

6 yearssssedetevacccacas 461} 1,722 18.211.44) 0.087 16.1[16.5] 17.3] 18.21 19.2 20.7

7 yearse==-- LA LE LTSN -1512}11,716| 19.0| 1.47] 0.06 | 16.57%17.1| 18.1} 19.1 L 20.0 21,6

8 yearseees=es ascececscene 4981 1,674 20.011.86} 0.11 17.2}18.0| 18.8] 20.1} 21.1 23.0

9 yearseee=- weeleosceca149411,663 21.012,01] 0.12( 18.118.7]19.7]| 2078 22.3 24,8

10 yearsee==-- ~eeceessewe 50511,632( 21.9{2.13| 0.12) 18.7|19.4] 20.5] 21.7 23,1 26,2

11 yearseeccwacsicccecaaan 477{1,605] 23.3 | 2.46| 0.11 | 20.1{°20.5| 21.6| 23.27| 24.7 -27.7

. NEGRO ’
' Boyé . 4 -
L] - ’ - x

6 yearieeseecccsacasnean 84 289117.1}1.05( 0.19 }15.315.6| 16.3} 17.0] 17.7 18.5 19.1
yearSeeccssemccncann ~==| 79§ .286[17.8|1.07| 0.14| 16.1|16.3117.0( 17.7]18.5}19.3] 20.0

8 years-e=e-a wessmecceas 79 279118.811.21| 0.17 | 16.5{17.0} 18.0{ 19.0} 19.6} 20.2] 20.7

. 9 yedrseeececmmccrccncaas 74 269(19.111.60f 0.37{16.4|17.1| 18.1} 18.8] 20.3 | 21.3| 21.9
10 yearse==ee ~essmas=seesa| 65 264 119.611.66} 0.31}17.2]17.6| 18.5| 19.5| 20.6 | 21.8| 22.7 .
11 yeargesesemceccceenea| 83 255. 20.9(1.56f 0.19| 18.6 | 19.2] 20.1| 20.7 | 21.8| 22.8| 23.5

.Girls - - ) ‘

6 yearsee=e« enerecesnene 72 281117.0(1.27{ 0.14 | 14.9 | 15.4| 16.2]| 17.0] 17.8| 18.7 lé.l

7 yearsiececccweccax pescee 93 2841 17.7 1°1.43} 0.22 } 15.7 {16.2] 17.0] 17.7 18.6|19.5 20.32

8 yearseeee« L 113 281118.6|1.81| 0.18 | 16.2 16.6,{ 17.3| 18.3 | 19.7]| 21.3 22.6

9 yearseee=-e R TS 84 265119.7 (1.78( 0.27 [17.1}17.5| 18.4] 19.5| 20.8 21.9}1 22.8

10 yearsweeesscacmccanaa| 77 266 | 21.312.39] 0.25|17.8{18.6[19.6( 21.1{ 22.8124.5] 25.1

il yearg-ss=serame-~eeea| 84 253122,412.65]| 0.33119.0]19.4 20.5| 21.7} 23.9}26.3| 27.6

\
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Table 15.
age at last

birthday: sample
selécted percentiles, United States, 1963265

!

’

-

Biacromial breadth/bieristal breadth ratio (times 100) of children by race, sex, and
size, mean, standard deviation, standard error of the mean, and

4

3

. ) . ?grcencile
Race, sex, and ) i
age n N b¢ s Se -
S5th | 10th ['25th { 50th | 75th | 90th | 95th ~
-, Z - - - 4
WHLTE Biacromial breadth/bicristal breadth ratio ‘
Boys ) e .
—_— .. . i - r
6 yéars ----- r-- 489 11,787 { 143.6 8.65.| 0.41 ) 131.4 )} 134,1| 138,4 | 143.9| 149.1 | 154.1| 158.3
7 years--~--+«-+~ {551 | 1,781 | 144.0 8.26 | 0.41 ] 131.6 | 134,2| 138.9 | 144.7 | 149.5 | 154.6 | 157.4
48 yearss------- 5371 1,739 | 144,2 9.98 | 0.48 | 131.1 | 134.3] 139.5 | 144.8| 149.7 | 155,9| 158.8 *
9 years-------- 52511, 730 143.6 9.39 ] 0,411 130.6 | 134.,2.| 138.8 | 144.0 | 148.9 | 154.3 1 157.7
10 years-----~- 50911, 692 144.1) 12.64 | 0.86 | 129,5 | 133.3 '138.5 | 144.21'150,2 | 155.7 159.8
11 year§----=~-~- 542 | 1,662 143. 11,12 { Q.60 ] 126.8 | 131.3| 137.2 | 144.2 | 149.8 | 155.0 158.8
L] ¥ . ,‘ L
) " Girls T
6 years---=z=o~14611,722 | 141.9| 9.02]0.53|128.2 | 131,7| 136.7 [ 141.8] 147.7{ 153.2} 157.2 ’
, ¢ years-- 512 (1,716 | 142.1 8.64, 0.411128.6 | 131.9] 137.1 142,11 147.8 ] 152,97} ‘156, 6
. 8.years-- -- 1498 *t 674 | 141.4 | 10.19] 0.57 | 126.7 | 130.3§ 135.7 *141.3(°147.2 | 155.2 159.5
9 yearse--s~=~=- 494 11,663 |139.5| 10.72 | 0.47 | 123,41 128.1|133.3 |7140.,2] 146.1 | 151.8 156.6
- « 10 years-----~-- 50541, 632 139.5 9,69 | 0.68 ] 123.4 | 128.2| 133.7 | 140.1| 146.5 } 152.4 155.1
11 years------- 47711, 605 137.7 | 12.62}0.521 120.5] 125.6| 131.7 | 137.8| 143.8 | 150.6| 155.3
NEGRO N ' , ‘ .
Boys . 4 ) 't -
=7 N . ,

. & years-cccca-- 84 289 | 154.7 ] 11.2711.79] 140.3 } 144.2{ 149.3| 155.3| 159.4 | 164.4| 166.0 .
o 7 yearsem---=o- 79| 286 |154.5| 8.94] 0.74] 140.0{ 144.3} 148.9 | 154.3 [ 160.7 | 167.2§ "170.4 ...
,jt 8 years-------- ., 79 279 | 153.9 7.91] 0.88] 142.0] 146.0} 148.2 | 153.3] 160.4 | 164.8| 167.5

9 years~-reo==o 74 269 | 155.7 9.19] 1.98| 142,11 144.5] 150:8 ] 156.3] 162.1} 166.5 174.,0 N
10 years--~---- 65 264 { 157,91 11.85| 1.49 | 143.8| 145.6] 150.8 ["156.41 162.4 | 182.1 9.0
~11 years=-~-==- 83 255 { 153.2] 9.23|1.29| 136.8| 140.4.147.2}153.8| 161.2 | 165.2 166.4
Lo . [ . 3
Girls% .. .
—_— , .
¥ N . e -~
6 ye | 72| 281)153.21 9.41| 0.65| 141.4| 14235] 145.7| 153.6| 158.2 | 166.6| 168.6
7 years--«ce-=- 93 2841 153.8} 10.54 ] 1.68{ 139.4 | 140.6] 146.1 ] 154.4| 160.4°] 168.4 175.9
8 years- -1113 281 ] 151.6) 11.11} 1.38] 133.8}.138.9| 145.2} 152.9] 159.6} 165.5 169.5,
9 years--- -1 84 265.] 152.0 8,80 1.69] 1384 | 141.5| 147.1| 151.6} 158.4 | 164.7 168.9
10 years-- -1 77 266 | 146.9| 12,10 1.19 129.9| 134,34 137.9| 145.8] 156.7 | 162.7 166.8
11 years====--- 84 2531 145.2| 11.03] 1.33 | 127.6 132 61 139.2| 147.0} 154.1 15?.3 162.2
" ' NOTE: 7= sample size; N = estimated number of childrén in'bopﬁlacioﬁ in cﬁousands;_f = mean;

8 = standard devggtion, s- = gtandard error of
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Table 16. Chest breadth of children by race, sex, and age at last birthday: sample size, mean,

standard deviation, standard error o{LFhe mean, and selected percentiles, United State$, 1963-65

A\

Iy

L 4

Y Percentile <
Race, sex, and age n N X Q .s'i‘ -
Sth 10t:h. 25th | 50ch | 75th| 96th | 95¢h
- WHITE In centimeters ‘

Béys' '
6 yearsee~ce-cceccnaccana 489 11,787) 18.4 | 1.16 | 0.09}16.4] 17.0] 17.6 18?& 19,2 19.9 .20
7 yearseeeccsscesceccana 5511,781119.,0}1.17]0.08}17.1]17.5718.3}19.11{19.8} 20.6 21
8 yearseeencecenccancea. 537 11,739} 19.8{1.36.0.11 |18.01} 18.2} 18.9} 19.7]20.7{ 21.6 22
9 yearseeswceccccecueca ~15251,730} 20.6 {1.60 | 0.1018.3{18.8]|19.6} 20.5]21.6{ 22.6 23
10 yearsesevseccceaucans 509 {1,692 21.0 | 1.41}0.07|19.0}19.3}20.2|21.0}21.9} 22.8 23
11 yegrseecccecacecnaces 542 |1,662)22,1{1.60}{0.10]19.9 520.3 21.1 [ 21.9}23.1 '24.4 24,

Girls ) *

. ’ L3

6 yearse-e-wee wiﬂ ------- 461 11,7221 17.911.23}0.08] 16.1 16.3,1 17.1}17.8{18.6] 19.5 19.9
7 yearseecvesccla.. ~~-e== 1512 11,716 18.6 | 1.29} 0.0916.6) 17.1| 17.8] 18.5]19.4] 20.0 20.7
8 yearsime=e- Heenesanceas 498 [ 1,674119.2[1.2210.07{17.3}|17.7]18.4}19.3]20.1] 20.9 21.6
9 yearsS-esevececceaccaena 494 11,663 20.041.59(0.08)18.0 18.2}{18.9}19.8]20.8 21.9 22,9
10 yearsese==e resseccane 50511,632{20.811.82]0.11[18.3|18.7}19.6}20.7}21.8] 23.2.] 24.3
11 yearseesssccccaceaa ~= 477 11,8051 21,7 11477 ]0.0719.1§19.6}20.5] 21.6 | 22.8{ 24.1 25.2

rfEGROr. ‘

Boys * ! . i
6 yearS—eececcccccvecnccaa 84 289 §18.311.11|(0.18}16.3116.8}|17.4§18.3]|19,0] 19.9 20.5
7 year Seeewesececee Qeeee | 79| 286]18.7[1.31]0.37)17.2[17.4]18.0.1.18.6 |19.4120.1] 21.2
8 yearseecccceaccecccea. 79 -279119.6 | 1.01 | 0,13 |18.1}18.4]19.1]19.6}20,3] 20.8 21,2
9 yearSeescecececeveccceas 'l 36 269 {20.211.3010.13}18.1]18.4]19.2}20.3}21.3}22.1 22,6
10 yearseeewee~ cceccnses 65 264 | 20.7 | 1.246 (0,19 [19.1{19.2{19.7]20.6]21.6] 22.8 23.3
11 yearseeew-- temcccccea 83 255 | 21.7 1.42\ 0:18]19.4 20.0] 20.6 | 21.6 | 22.6| 23.5 24,0

Girls
6 yearsee-eeeess SRR 72| 281{17.7]1.05|0.14]16.0]16.2]16.8|17.7 |18.5]/19.1 | 19.6
7 yearseesemecccacecaaan 93 284 118.211.58{0.21}16.3}16.8]17.3|18.1}19.1| 19.7 20.1
8 yeirSeeenwecccncccuaaa 113 281119.1 |1.66 | 0.21|17.1}17.3]18.x}18.9{19.9] 21.2 21.7
9 yearseeew-ee Vemcenmasa 84 265}119.7 11.4310.16}17.7118.2|18.8]19.6}20.6] 21.7 22.6
10 yearseeewes L 3 77 266 1 20.51.48 | 0.17(18.2}-18.6] 19.6| 20.6 | 21.5{ 22.5 22.8
11 yearsesccececauasa “ea 84 2531 21.5]2.05}0.25{19.01}19.4} 20.3 g}.3 22,9 24.4 26.7
L]

NOTE: 7 = sample size; N = estimated

$ = standard. deviation; Si = standard error of the mean,
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Table 17. Chest depth ‘of children by race, sex, and age at last birthday: sample size; mean-',
standard deviation, standard error, of t:he mean, and selected percentiles, Unit:ed States, 1963-65
’ Percentile .
‘Race, sex, and age n N X s 8 . )
N 5th | 10th | 25cth | 50tk | #5th | 90th'{ 95th
-~ ; < :
WHITE * JIn centimeters
- . is
Boys ; , ’ . \ , -
6 Yye€3rSeveceecacene. ~--- 14891 1,787 |.13.3]1.19} 0.11 |11.5) 12.0} 12.4 ] 13.2 | 14¢ } 14.8 | 15.3
7 yearseeeceereecscncesa. 5511 1,781 {13.7{.1.29}0.12 {11.8] £2.2| 13.0} 13.6 | 14:5 [ 15.4| 15.9
8 "yearsecsecaceccccncana. 53711,739 | 14.2 {1.43}10.10 |12.2} 12.5}13.3}|14.2114.8115.8| 16.7
, 9 years-ee--- R 5254 1,730 | 14.7 {1.52] 0.08 }12.6-{ 13.1]| 13.7| 14.6 £15.6 | 16.6 | 17.6
. 10 yearseee-esece-crea-. 50911, 1692 |15.0 r.4310.12 {13.0} 13.3}14.1{14.9}15.8 |16.8] 17.6"
11 yearseeeacea. ~s=we=e= 54211, 1662 15.7 11.58] 0.10 {13.4§ 14.0{ 14.7 15.6 1 16.7 | 17+8 18.& ”
. Girls " g
6 -yearSescectceceencecaas 461 1,722 | 12.8 1.08 | 0.07 11.2§ 11.5112.2} 12.7} 13.6 F14.4 | 14.8
*7 yearsese-ececccecceces 51211,716 [13.3%1.30}0.09 {11.4} 12.0| 12.4 13.3 | 14.0 | 14.8 | 15.5
8 yearseseeccece-. eemeaa 498 (1,674 |13.7 |1.3110.07 |11.8} 12.2}12.7}13.7}|14.6 |15.6 | 16.3
9 yeargeeeceec-cecccceccas 494 11,663 114.2 |1.63]0.09 |12.1] 12.4| 13.2| 14.1]15.2 {16.5| 17.4
10+years-eeeeecmec=ea-e- | 505| ¥,632 | 14.7 {1.70] 0.12 {12.3] 12.8} 13.5} 14.5 | 15.7 ['16.9] 17.9
11 yéarseecececacecacaac 47711,605}15.4 |1.81{0.10 {13.1}{ 13.3|14.2}|15.3{16.7]17.8| 18.6
" MNEGRO . _ ‘ \
Boys \ - ,
6 years---.-u ----------- 84 289 |13.5|1.13]0.30 |11.7}12.1}12:613.5]}14.4 | 14.9 15A. 7
7 yearseeeeeee= —meseeea. 79 286 {13.5 {1.12§ 0.17 }12.1{12.2}12.8}13.54}14.4 {15.3| 15.7
8 yearSe-peeccccmanrcccae 79 279 114.1 1118 0.16 [12.2 [ 12.6 | 13.4]14.2 1 14.9 |15.7 16.0
9 yeargeee=eeee- B 74 269 |1 1.44 0}31 12.3 12.9]13.6 1 14.5115.5[16.5]| 16.8
10 years-reeeececccecaac | 65 264 |14, 1.4210.23 f13.1{13.2113.7{14.4 1 15.2 }|16.2| 16.6
11 yearSeec=teeccrcecacca- 83 255 115.2 {1.30}0.18 |13.2} 13.6 | 14.4}15.3]|16.3|16.8] 17.4
| ' Y
281 [13.1 }1.4370.21 |11.4{11.8]{12.3}12.8{13.6 |14.4| 14.8
284 113.1 {1.14 1 0.20 |11.1{ 11.5)12.3{13.1}13.8[14.7] 15.2
281 |13.5]1.26 {0.18 }11.6{ 12.1}12,5}13.4}14.4 14.9] 16.3
265 |13.9 |11.38{0.14 j12.1{12.3{13.0|13.8|14.8 {15.7] 16.3
266 [14.7.11.64{0.16 {12.5} 12,8 113.6|14.5]15.6 {16.8] 18.3
253 115.1 {1.9610.26 |12.3}12.7}14.1{14,.8}16.3 }17.7| 20.0

NOTE:
'$ "= standard deviation;

)

[

. ! \
o -. .
N
2 ~
3 38
Q
. ERIC

3
. [ =

‘8z standard erxror of the mean.

‘%

N = gample size, N = estimated number of children in population




Table 18, Bicondylar breadth of the femur
sample size, mean, standard deviation, s

-~ .
.

of children )by race, sex,

and age at last birthday:
tandard

error of the mean, and selected percentiles,

United States, 1963-65 ,
. o L Percentile v
5 ~
¢ Race, sex, and age n N X s S5 .
. . t. 4 5th }10th ZSt:h4 50th | 75th| 90th | 95th
. WH__I’FE In centimeters )
Boys . : :
6 yearseeem=-ans Seeeeae -| 489 {1,787 7.6 [1.14]0.06 6.60 | 6.90 [ 7.20]7.54 | 7.88 8.56 | -8.76 .
7 yearses-me=ceeecewceen| 551 | 1,781 7.9 |0.58|0.05| 7.04 {7.12 {7.37}7.78 [ 8.41|-8.76 | 8. 8%
’ 8 yearsa-eca==ane w—nemman 537 {1,739 8.2 }0.64|0L05| 7.09|7.237.62|8.24|8.65| 9.00] 9.5
9 yearsesemsemcmscmemae -1 5251,730| 8.5[0.73]0.04 | 7.20 | 7.44 | 8.09 | 8.48 | 8.87| 9.63| 9.88
k 10 years-e=e==e= ~~m==-e~| 509 11,6921 8.7 0.2670.05-7.36 | 7.77 | 8.22 | 8.62 | 9.25} 9.75 | 16.09
.11 yearseecevcencaconcan -1 542 11,662 9.1]0.80{0,06| 7.84|8,10{8.43]19.07}9.64]10.31 10,71
Girls ' .
T 6 yearse-eeeameaccmecans 461 11,722 | 7.310.53|0.05] 6.17 [6.34 | 6.847| 7.34 | 7.70| 8.13] ‘8.53°
7 yearse~e-- csemmasercan 512 11,716 7.6 10,581 0,04 | 6,40 |6.80]7.19}7.54]7.88{ 8,57 8.78
8 yearse=e-«- memccennee -] 498 11,6741 7.910.63]0,04} 7,01 }7.097.35]|7.78 | 8.45 8.82 | 9.23
9 yearse-e~meseeceseeen| 494 11,663 8.210.74]0.05| 7.0817.19 7.5318.18|8.71] 9.40] 9,73
10 years=w~= 505 11,632} 8.5{0.77}0,06| 7.17 7.3818.05{8.49 [9.07; 9.69 ] 9.89.
’ 11 yearse==esea—e-x ~-=--1 477 11,605. 8,8 {0.79|0.04| 7,46 ;7.8318.2 8.6‘8_ 9.39| 9487 | 10.44
6 yearseseacce=- cmrnec=en 84 2891 7.710.54{0.16| 6.6516.81 7,20- 7.62]18,20] 8.564 8.68 .-
7 Yeargeccacacencucacuaa 79 286 7.8 10.5110.,10| 687 | 7,06 | 7.28 |7:65|8.33| 8.65} 8.79
8 years-e-cecececcamacaan 79 279 8.119.60]0,09]| 7.2017.30.] 7.59|8.16'3 8.60! 8.86 9.50
9 yedrSemcemucccmcanaa=as 74 269 8.5]10.66]0.09| 7.24 | 7.48 .09 | 8.47 | 8.85} 9.51| 9.74
10 years-eecececcccanccan 65 264 8.6 10.62)0,09f 7.767.838.13|8.49|8.84 «3.54 9.78
. 11 yearssemecceraccceacan 83 255| 8.910.63 0.08._ 8.01%.8.09 ..:56 8.81 {9.50 .8§ 10, 36
: girls ] : VR IR . :
6 yearsems-eemcac-mcoaas 72 281] 7.210.43]0.07 6.41 |6.52|6.85}7.30 | 7.64| 7.84 | 8,00
7 yearsesesece-ae oeem—ea 93 284 7.5.40,60}0.10. 6.41‘ 6.62 | 7.1217.47 7.82]:8,49 | B.75
8 yearseescescaceccnceman 113 281 7.910.7810,10 6,827} 7.07 | .34 | 7.79-18.52| 9.10 9.-57
9 yearSe=~ems~escnncanaa 84 265| 8,2}10.78|0,10{ 6.8697.12|7.54]8.23 +8.69] 9.32| 971
10 years=ceecceaso v ann 77 266 | 8.6 10.89 0.09{ 7.20 | 7,40 | 8.04 | 8,49 | 9,09] 9.82 | 10,59
1 yearses-eccceacsa wmee | 84 2531 8.910.95 0.13:,7.65 8.00|8.25)8.65(9.48{10,51 [11.02 ,
N a—— S . :
. NOTE: # = sample size; N= ebtimated number of 'chil'éreq.‘ in population in thousandg; X = mean;
& = gtandard deviation; Sz = stan’d_ard error. of the mean. s - S .
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L Table'iQ. Uppex: arm girth of children by race, sex, angd age at la‘St birthday: samp,le size mean,
| standard devia.cion standard error of the mean, and selected percentiles, United States, 1963-65
E < = : >
r . " Percentile
" Race, sex, .:ma,'age n. N X s Sy . : .
N : N P Sth | 10th| 25th | 50th | 75¢th {.90th | 95th
¢ L . . -
< 7 ¢ -
In centimeters . ‘
X 11,787 17.6] 1.61] 0.10°} 15.3115.8] 16.5 | 17.5] 18.5|19.7] . 20.6
11,781118.3]1.901{ 0. 12115.7[16.2|17.1 | 18.2 | 19.3 | 20.7 21,7
1,739119.0| 2,241 0.12 | 16.2 | 16.7 | L7.6, 1%.7 20,3 }121.8]) 23,5
- 1,730} 19.9{ 2,66 0.16 | 16.5 [17.2} 18,3} 19.5 | 21.1 | 23.4 | 25:8
) ; 1,692 20,4} 2,46 0,13117.3|18.0}18.820.1|21.7)23.9| 25.5
. 1]2;yegrs---—--.:,-—‘o-----b’( 1,662} 21.6§ 2,85 0714 | 18.2 {18.8| 19.7]21.2 | 23.3]25.% . 27.3
, . girls . ‘ K K o R :
. R LT a— ~--|46111,722 | 17.7 ] 1.86| O\15 | 15.1 | 15.6 | 16.4 | 17,5} 18.8 | 19.9 | 20.9
' 7 years-se=---v —memmeeee ['512°1 1,716 | 18.3 ) 2.04 | ONO { 15.7 [16.2]| 12,0 [ 18,2} 19.5 21,2 | 22.1 -
8 years-weemeeseveovenwe 149871 1,674 | 19,3 2.32| 0,02 | 16.2 | 16.87 17.7 | 19.0}20.8 {22.4 23.8
. 9 yearsme-ee- cemmen “s=c- {4941 1,663 ]20.2} 2,70} 085 | 16.6 | 17.3 ] 18.4 | 19,7 | 21.8 | 24.1.} 25.7
" 10 yearses-mmconee wotm-w 15051 1,632120.9]2.93]0.20}16.917.5}18.8]20.6[22.8(24.9},26.5
. 11 yeargwserse=se=~- ~eea1 4777} 1,605 ,:21_.'7 2,9910.17 | 17.6 | 18,3 19.6 721,51 23.6 76.1 | 27.4,
h NEGRO i A ) 2% :
Lti. moys 7 2 B oy :
5 oL oe T R . N ' A | .. :
N 6 yéars=meseeceea “meccee 847 ., 289 117.41 1,551 0228 { 15.1 [15.4 ( 16.3 | 17.3 | 18.57119.6 [:-20.%
2+ . 7 yearsaseeteiasemne-esc b 7917286 | 17.71.28)0.18 } 35.6 [16.1'] 16.9 | 17.6 118.5 | 19.4 |, 219.9
"0, 8 yearsessemesmeszmaemse [L.79 L 2794 18. 1.53]:0.16 }16.1 117.0].17.5|18.5.} 19,6 |20.5| 21.2
. ¥ years--- cmsenaa |74 269 {19.1.|.2.21 ] 0.28 { 16,3 [17.1|17,6718.7.20.3[22.8] 23}.8
14 yearss-- emewmoe| 650 264 |19.812.07]0.27 [ 16.6 |17.5| 18.5°'19.5 | 20.9 | 22.2 | 234.2
. L 11 years--,--\-\-n ----- ---1.783 | 2551 20.6 | 2.27 Q.2§ 17.2118,119.3 | 20.4 | 22,3 |'23.7 | 24.7
. « ‘ Gir.ls __.‘“ . . .. Y es * ‘ . <, )
6 Yedrsmmammamamaas Femee b2 281|170 2.61] 0,20 | 14,7 25,2 16.0 {1772 | 17.9 | 18.7 | 20.1
7 years-seewe-mmmamceeio 17793 . 284 1 17,9 | 2.26%.0.25 15.3 15:6 | 16.5 1 17.5 | 18.8 |.20.7 | 21.8
§ yearg-e-«=~ ~—cvmreon -|113] "28L}18,8}2,70[°0.17 {15.3 115.7]16.8.[18.3 | 20.7 {:22.3 | 23.7
., 9 yearseer-ocecommreomoe- | 84| 265119,5(2.65}0.24 | 15.9°}17.0}17.7.119.3 {*20.8 |22.8 | " 24.8
» 10 years=-c-c-s-ces- -1 77 266 | 20,6 |.3.22 | 0.42 {1626 {17.2118.4°20.1 [22.1 [ 24,8} 27.5
‘11 years-»-.“ .84 253 121,51 3:547 0.5¢1. 1,7;\2 17.7119.3 120.8 | 23.2 127.0 27.9
* . NOTE: n = sample size, X = estimated mn-nbex: of children in population in thousands; X = mean;
.5 - scandard devial:iorf;-si = standard error:of the mean, .
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< " ‘Table 20. Lower arm girth of children by race, gex, and age at last birthdzj: sample size, mean, -
" standard, deviation, staddard error of the mean, and selected percentiles, -United States, 1963-65

ot o ' E _ ’ . : . Percentile ’ ?
‘ X ‘Race, sex, and age n N X s Sz )
<t , , S5th | 10th | 25th| 50th| 75th | 9utn | 95th
. ’ In centimeters } ,
. 4
. 489 11,787 |17.4] 1.32| 0.08| 15.4] 16.0]16.6] 17.4 18.24{18.9| 19.8
¢ 551 11,781 {18.0| 1.40] 0.08] 16.0} 16.3 |17.2|18.0] 18.8119.8| 20.6
» 537 11,739 18.7| 1.59]0.09] 16.3{16.9|17.6} 18.6]-19.6 | 20.8| 21.6
. . 525 11,730119,.4| 1.74|0.11f 16.9| 17.3}18.3}19.3]| 20.4|21.7] 22.8
10 yearse-ccecem—nccaa-. 509 11,692119,94 1.61.{ 0.08}17.4|18.0}18.7}19.7| 20.9}22.1 | 22.9
11 years~e--e “mmmemcose 542 | 1,662 |20.8| 1.83|0.09] 18.2}18.7|19.6] 20.6| 21.8|23.5| 248
. giMs : |- |
6 yeai‘s -------------- ~e-1 461 | 1,722 117.1| 1.30 [ 0.20] 15.1 ] 15.5{16.3]17.1] 17.8 | 18.8| 19.5
7 yearseececccaanacs ~~=-={ 512 11,716 |17.5{ 1.42]0.07| 15.5|16.1{16.6|17.5]| 18.5]19.5] 20.1
8 years--m-es=cescemeeece| 498 11,674 (18.3| 1.47 | 0.07 16.1|16.5]17.4]18.3|19.3]20.4! 21.2
9 years-e=s-smeam-o--.oeef 494 11,663(19.0] 1.78]0.10 16.4 | 17.1}17.9|18.8] 20,2 21.5] 22.4
10 yearsececccccacaracn. 505°11,632119.7| 1.91§0.12) 17.1 | 17.4 18.4119.71 20.9]22.1 ] 22.9
11 yearsesesescm-mcecnen 477 11,605{20.5|1.90]0.10| 17.5] 18.2 19.1120.4721.8|23.1} 23.9
“ NEGRO - . ' i 1. -
. Boys ,' ' S
’ 6 years-=e-ee-ce R 846 | 289(17.2]1.30]0.26[ 15.2]15.5|16.3)17.3]18.2[19.3] 19.7
7 years-- -1 79 286 [17.711.0910.14f15.8]16.2|17.1]|17.6|18.6}19.4} 19.7
. 8 years- -1 79 279 118.4.1.26 | 0.17 | 16.3 ] 16.7 } 17.5]{ 18.4| 19.3,] 20.2 | 20.8
« 9 years-- mrme Wyl 74 269119.011,590.2017.0]17.2|17.9|18.8 | 20.2 21.3| 21.8
10 yearsecececcacaa- -~| 65 264 119.6|1.50[0.20] 17.4|18.0[18.6|1%5] 20.6|21.9] 22.5
11 years=-ewecec-a-eeop-| 83 255120.4|1.70{0.20] 17.6}18.319.3}20.3|21.7]22.7] 23.3
Girls ‘ '
{ . . - | V- 4 \
6 yearsees--cececccancen 72 281 116.6 1.11 { 0;14 14.915.2[15.9] 16.6-] 17.4{18.0{ 18.6
7 yearse-ceeccccaccaccen 93 284 (17.411.78(0.18} 15.2|15.6 |16.4]|17.4]18.3}19.0}{ 20.2
. 8 yearse=-eeceecacemcacae 113 281)18.0}1.700.14{ 15.3|15.7 (16.8| 17.8] 19.2 ] 20.4+| 21.3
9 yearSemacemccaccsmcece 84 | ,265(19.01.82{0.20)15.9|17.1{17.7]18.8{20.1|21.5]| 22.7
10 yearseescmcmaca~ec-an 77 266119.712.02 (0.24 ] 16.6|17.3]18.4]19.7}20.8]23.0/.23.8
. 11 yearseeccececccmnaan. 84 | °253120.7]2.47|0.37}17.4]17.9 18.8 ] 20.4 | 22,0 [ 24.3 | 25.6
NOTE: % = sample size; N = estimated number of children in population in thousands; X= mean;
8 = standard deviation; §; = standard error of the mean. : t,
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Table 21. Calf girth of children byrace, sex, and age at last birthday: sample size, mean, stand-
ard deviation, standard error of the mean, and selected percentiles, United States, 1963765

- Percentile ‘
Race, sex, and age n N X S Sz ; ;
e : Sth | 10th | 25th | 50th | 75¢h | 90th | 95th
o % ,
WHITE In centimeters
Boys AN
6 yearsee-eeciocameencae 489 {1,787 [23.6 |1.87.1 0.12-} 20.8 | 21.3 [ 22.3 | 23.5 |24.7 | 26.1 |- 27.1 .
7 yeargsee--- e eecrecan SS1L 11,781 {24,7 |2.16% 0.12 0 21.6 {22.3123.3]24,6({25.8]{27.3 28.4
¢ 8 yearse-eccecam—caleaaa 1537 {1,739 {25.7 |2.35]10.14 [ 22.3|23.1|24.3 }:25.6 |27.0} 28.7 29.9
9 yearsmeee-eccccccaccaa 525 11,730 {26.8 }2.65}0.16 | 23.4 | 24,1 | 25,1 | 26.5 {28.2]|30.4 | 31.8
10 yeargsese=cccacnacaa == 1509 {1,692 {27.6 {2.49 | 0.14 | 24.1 | 24.7 | 26.0 | 2745 |29.3{ 30.7 | 32.1 .
11 yearsee-ececmcacacacan 542 11,662 129.0 | 2.82 | 0.16 | 25.2 [ 26.0 | 27.2 | 28.6 |30.4 | 32.8 34.6_
y 0.14 | 20.6 | 21.3 | 22.4 | 23.6 |24.9 | 26.3 | 27.3
0.1 {21.7 122.3}23.3}24.5|25.9}27.4 28.2
0.11 {22.6 | 23.3 | 24.3}25.6 127.3]28.8} 30.0
0.14 1 23,4 | 24,1} 25,2.{26.7 {28.6]30.5| 31.7
0.17 } 24,0 { 24,5} 26,1 27.9 {29.8 | 31.5| 32.7
0.16 | 25.1 1 25.6 | 27.3 ] 28.9 |31.3 ] 33.3 34.3
T ’
k} ) -
Y 6 yearse~-e-== demmenamcan 84 289 |23.2}11.78}0.30{20.3]20.7]22.1}23.3}24.3]27.8] 26.6
7 yearsececceccacacncaas 79 286 [24.212,130.32]|21.3]22.0]22,7}24.2|25.4]26.6 27.4
8 yearges-ecmcececcccacan 79 279 [25.5]{1.80} 0.21 ] 22.,9]23.3] 24,2} 25.5(26.8|28.1] 28.9
9 yeargeeeetmrcacacaccana 74 269 [26.2 12.62}0.30122.7]23.4]24.5]25.7(27.7]29.6 30.7
10 yearsesececcaccacacaa 651 ,264 |27,212.30{0.30]23.7|24.3]25.6| 26,8 [28.5{ 30.3 31.7
11l yearse-eceoccencacca«- | 83 255 128.3 2,42} 0,27 24.5125.2| 26.8]27.9]29.9|31.7| 32.5
N t = .
Girls R —
6 yearseeee-ceemc-accean 72 281 | 23.21.49) 0.17|21.0] 21.3} 22,2} 23,1 |24.3| 25.3 26.1
7 yeArge-eecececairecceacas 93 284 $24.211.86| 0,264 21.5| 22,1} 22.8} 24.3125.2|26.3} 26.7 v
8 yearsececccnccceaa == 1113 281 §25.412.7110.21 | 21.5}22.2|23.5]24.9127.1}29.3| 30.4
, 9 yearseeecaccacacccaaaa | 84 265 1 26.4 |2.54| 0.25]22.5}23,2| 246.8}] 26,2 |28.1]30.4{ .31.2 °
10 -years=ee-=creecccamaa 77 266 | 27.8 13.24 ) 0.28 }23.6} 24.2| 25.4] 27.6 30,1} 31.8} 33.9
1l yeargSeeccecceccaccansa 84 253 1 29,1]3.55]0.38} 24,3 -24.9| 26,5] 28,6 {31.3| 34.8| 35.9

NOTE: % = sample size; N= estimated number of children in population in thousands; X mean;
& = standard deviation; 8; = standard error of the mean. ‘“’
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+ Table 22. Estimated mid-arm muscle circumference of children by race, sex, and age 'at last birth-

day: sample size, mean
United States, 1963-65

» standard deviation, standard error of,the mean, and seletted percentiles,\

»

Race, sex, and age

+

s

n| N | X

<

Percentile

2 - *

i

5th

10th { 25th | 50th | 75th | 90th | 95th

.6 years---e-cmecoonecann
%7 years-- .

9 years----cesecaceccmax
10 yearg-----~---- w————
11 yeags:---------; .....

7 years---ce-eccmcocccua-
8 years-e-~c--ccmcecna .

6 years---s-smemecoocaos
7 years-ev--c-scceccceaaa
8 years—p-------=c-mcmon
9 yeafS—---aw--tmomo—con
o 10 years--ececmcemaaca -

4891 1,787 | 15,0

461 1,722 14.5

4981 1,674 | 15.6
494 1,663 | 16.2

477 1,605} 17.7

v 6 years-=--c-—mce-acnceoa N

551] 1,781} 1576
5371 1,739 16.1
525{ 1,730 16.6
509 1,692 17.1
542| 1,662 | 18.0

512 1,716 | 14.9

5057 1,632 16.8

84| 289 15.2
79| 286 15.7
79| 279 16.2
74| 269 16.8
65| 264 17.4
83| 2s55(18.1

72 281 | 14.6
93 284 115.3
113 281 1 15.8
84 265 | 1.3
77 266 | 17.4
84 2531 18.1

1 et i et i
OCOO0OOO

N 1t et i it
COO0O0OL

s et s e fd
cooccoo

[=f=foYolol=]

In centimeters

13.314.0 | 14.8 | 15.8{ 16.7 | 17.2
13.9 | 14.6 | 15.5 | 16.4 M7.3 | 17.8
14.3|15.1}16.0 | 16.9]17.9] 18.7
14.7 [15.6 | 16.6  17.6| 18,6 | 19.3
15.3]16.1}17.0 |18.0] 18.9| 19.8
16.1]16.0[17.919.0 ] 20:3| 21.1
13.0 | 13.7 | 14.5 | 15.3 ]| 6.2 | 16.8
13.3 | 14.1|14.8 | 15.7{ 16.7] 17.3
13.8 [ 14.5{15.5]16.5] 17.5]| 18.2
14.2 115.1(16.0)17.1]18.2| 19.1
14.6 [ 15.6 { 16.6 | 17.9| 19.1| 19.9°
15.2 | 16.2 | 17.4 { 18.8] 20.3| 21.5
13.4714.1 [15.2 {16.2 | 17.1 | 17.7
14.1 {14.9 | 15.7 [16.5]|17.1| 17.8
¥.7 [15.4 116.2 |16.9 { 17.9 | 18.5
15.1 [15.6']16.6 | 18.1 | 18.8{ 19.7
15.6 | 16.5 |17.4 1 18.3|19.3] 19.8 .
15.9 [17.2 {18.1"§19.1{ 20.4 | 20.9
12.8 | 13.6 | 14.7 [15.6 | 16.3 | 16.7
133 ]14.2 |15.2 |16.2]17.2} 17.7
13.5 |14.4.115.6 |16.8 | 18.2 | 18.8
14.3 115.2 [ 16.3 |17.2 ]} 18.64 19.3
15.0 | 15.8 [ 17.0 [18.7 | 20.3 | 21.5
15.6 | 16.6°117.7 {19.2 | 20.8 | 23.1

] -

e

ERIC:

Aruitoxt provided by Eic:

<
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NOTB: N = sample size; N = estimated number of children in populatio?l in thousands X- mean;
8 = standard deviation; S = standard error of the mean. . .
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Table 23. Chest girth of children by race, sex, and age at last birthday: sample size, mean,
gtandard deviation, stn@;d,;error of the mean, and see.‘ect:ed percentiles, United States, 1963-65

- - [ Percentile
Race, sex, and age n N X s |5 "
| Sth |10th| 25th | 50th | 75th | 90th | 95th.> |
3 |
Wl?ITE In centimeters . .
Boys o . - )
- » *
. % 6 yearse--m-m-em—emccooa- 4891 1,787 | 58.713.50|0.17 | 54.2 {54.9|56.4] 58.4 }60.6] 63.1 64.4
7 yearse=-==~=c=-= 551} 1,781 160.914.08}0.23155.5}56.5}58.3160.5]62.9]65.8 68.2
8 years- 5371 1,739 163.314.90]10.29]57.3 158.4]60.1}62.5}65.7]68.8] 71.8
9 years--- 5251 1,730 | 66.3]15.92(0.41|59.3 |60.4)62.5]65.4]68.6]72.8| 78.1
10 years----- 509| 1,692 | 67.6|5.33]10.29| 60.4 |61.8|64.3}67.270.1]73.9] 76.8
1l years---=-=am-cccaao- s42) 1,662 {71.316.2310.26]63.8(65.2)67.3]70.1174.2}180.3| 83.3
Girls .
6 9ears ----------------- 461{ 1,722 |157.,0(3.9410.20} 51.8 {52.8{54.5} 56.7 | 59.161.3 63.8
7 years------- decmm e 512} 1,716 159.0 14.21}10.23{53.3 |54.4}56.3]58.5]6L.4|64.6 67.3
f years---e-=-eec-c—mccn- 4981 X,674 1 61.9]5.16.] 0.2055.5 |56.5]|58.31.61.4]64.41]68.1] 71.8
9 years---=---s--cee=-cao 4941 1,663 [ 64.6]5.93}0.33157.3}158.3|60.6]63.5]68.0]72.7| 76.9 -
10 yearg-==---- S Rt 505 1,832 167.2]16.6710.37 |58 Q 60.0}162.5]166.4171.0][76.6 80.0
. 11 years-==----cocc-a-—m 4771 1,6 70.6 {7.12 [ 0.33|60.4 }{62.6]65.6]69.5]75.5]80.3 83.2
. NEGRO v )
Bozs
6 years---------mcc-cea= 84 289 | 58.0 %.22 0.61)53.4 |S4.7]55.5|57.860.3]|62.6 63.7 R
7 yearse~-mea-me—aemooa- 79 286 }159.8 12,75]10.38 | 55.9 156.5]57.9|59.7 |61.6]63.5 64.9 .
8 years-----n~--- bacecean 79 279 162.412.89]0.38 |58.0 |59.2)60.4 | 62.2 | 64.2} 65.7 67.5 R
9 years---=-c--==c----e- 74 269 |64.1 |4.48 |10.46 | 57.5 |58.7160.4)64.0167.2]70.8} 71.7
10 years----cce--eecccw~ 65 264 166.0 [4.17 1 0.46 160.8 {61.4]63.2|65.5]68.2]72.4.1 74.1
11 years-----ecce=camccn~ 83 255 168.3 |4.77 10.46 | 61.4 |63.0]65.7167.5]70.1173.7 79.4
Girls .
. 6 years---e-----rccceceo 72 281 {55.9{2.9110.38|51.2 [52.2]54.1)55.8]58.3}59.7 61.3
7 years----e-w==-- ———————— 93 ,284 | 57.813.88}0.53(53.3 153.8155.0[57.1160.3 62.3 63.7
8 years------- acmemmcen— 113 281 160.3 |5.0110.42 |53.8 |54.9]56.61}159.2)}63.4]66.9 68.6 -
9 years-=--sc-e-mcemcmea= 84 265 163.2]5.61|0.53 )56.5 }57.3]158.9}63.1]164.9}70.9} 75.6
10 years--=-ces-ream—c=-x 77 266 |66.2 1 6.64(0.73 | 56.6 [60.2|61.8 165.4 {69.0173.2 81.0
11 years--=--cee-mm=aaa= 84 253 169.7 |7.09{0.97 | 60.5 |61.6|64.3|69.1 [74.2 | 80.7 83.8

. NOTE: n = sample size; N = estimated numbqr of‘children in population in thousands; X = mean;
8 = standard deviation; Sz = standard error of the mean. N

Aruitoxt provided by Eic:
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Tablé 24. Waist girth of children by race, sex,. and age at 1ast&irthday: s i:le size, mean,
standard deviation, standard error of the mean, and selected perdenti‘les, Ufiited States, 1963—651

] . ¥ ‘
T . o ~ . *  Percentile |
Race, sex, and age n N |'X $ 8 - . 1
. ', ) 5th | Yoth | 25th [*S0th | 75¢h | 90th | 95th 1
- WHITE - i . In centimeters |
1y Bozs . . - "
6 years~-------cc-caa--c 489 | 1,787 ] 53.0 A.ZO 0.20 | 47.4 1 48.4)50.3152.5]54.9]58.3} 60.2
] years-----ececcmccenooo 551} 1,781 1 54.5|4.64| 0.26 | 47,9 }49.6 }51.7 | 54.1(56.759.7| 61.7
8 years--~--m--=--- “-=---153711,739}56.4 |.5.64 | 0.30 ] 49.5 | 50.7 | 53.0 | 55.8 { 58.7 | 62.5 66.1,
9 years--e-c-r-ccnceocon 5251 1,730 58.316.33]0.43) 51.3[52.3|54.4(57.3]/60.5]66.3] 71.5 -
10 years-w---e-c-crececao 50911,692]59.5|6.0810.29( 52.3}53.4{55.3]|58.4]62.3]{67.2 72.3
11 yearSe-------cecvov-w 5421 1,662 }62.4]7.27|0.30| 54.2155.5}57.7]60.665.5]71.6 77.5
Girls ) .
6 years----e=e--n-as === | 461 | 1,722 1 51,8 | 4.58 | 0.24 | 45.4 {46.8 [49.1]51.6153.9]56.9] 59.2
1 years-- 5121 1,716} 53.1] 4.54] 0.29 | 47.2 | 48.3 | 50.2.} 52.5[55.5]59.0| 61.5
8 Years----------mccmcua 498 | 1,674 | 54.915.34 1 0.24 | 47.7 | 49.4 | 51.67| 54.0|57.4 | 61.7 | 66.1
9 years---=---e---aemmc 4941 1,663 57.15.87]0.34|50.1]50.9]53.3|56.1(59.9{65.3] 68.4
10° years--=m-m=n=nn «----1505]1,632158.26.38|0.42|50.4]51.5]54.1]57.3|61.3|65.8] 71.4
11 years--------=--=--- 477 | 1,605 60.1 | 6.45| 0.31 | 52.1 | 53.1|55.5|59.3|63.6{69.0| 72.5
. ’ < -
NEGRO v . /
Boys "
6 years----=--=n=mmmmmnn 84| 289 52.4|4.28]0.63 | 46.9 |48.349.7 | 51.7 | 54.7|57.8| 60.6
7 years=ec=-ece-cmeccaoca 79 2861 53.4 ] 3.15]| 0.58 1 47.9}49.4 |51.8| 53.6|55.2|57.41],59.0
8 years--------- RELE R - 79 2791 55.3] 3.85| 0.45| 49.7 | 50.6 | 52.9154.9|57.8]61.1 63.0
9 yearg~----e--=-ccme-m- 74 269 5?.2 4,711 0.58149.3}150.8[53.1157.8|58.8]|61.61' 64.3
10 years-=me=c-ccccwoc-- 65 264 | 57.7 | 4.29, 0.44.] 52.3 |1 52,6 | 55.2 | 57.4[59.6}63.9 67.4
11 years=-=-u-e=oomoo--- - 83 255160.0]5.25} 0.44§ 53.1|55.1]57.1[59.5}62.3]65.3} 72.5
Girls ) X , .o |
. . R ) -
6 years----nmmmmmmmmmn= 72| 28151.503.28]0.38] 45.5|46.7 |49.6 | 51.8]53.9|55.2| s6.4
7 yearserpage--m--eoe-us 93 2841 52.6 | 4.11}1 0.55]| 47.5|48.4149.6 |52.2]54.6|57.6| 61.7
8 years~-=-e-ceccecew---| 113 281]54.815.4710.36|47.8149.1|50.8453.7[58.3]61.7 3.9
9 years-- 84 2651 56.815.27}0.52) 51.0[51.6}53.4]}56.7}58.5]|64.2 67.8
10 years--- - 77 266 | 58.315.57] 0.59| 51.1|52.7 | 54.7156.8 | 60:9]64.7| 71.5
11 Years---m--=mmmmmwma- 84| 253]|60.98.80. 1.22|53.0{53.5(56.2|58.8|63.1|68.6| 78.4

OTE: # = sample size; N = estimated number of children in population in thousands; X- mean ;
8 = standard deviation; S = standard Srror of the mean. : v
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Table 25. Hip girth of children bg'race, sex, and age at last birthday: sample size, mean, stand-
ard deviation, standard error of the mean, and selected percentiles, United States, 1963-65

_ s Percentile ~ i
| Race, sex, and’;age n N X s 8 -
:; 5th | 10th| 25th [ 50th | 75th | 90th | 95th
WHI?E . In centimeters .
. Epys ; ) ,
6 yearseswescaees “eeane 4891 1,787 | 58.3 1} 4.82] 0.37 | 501.4]52.5| 55.1 }58.0 |61.1|64.5| 66.6
] yearseswsweemwewe-we=| 5511 1,781 1 61.1} 5.24| 0:35}53.7]55.4] 57.8 160.5 }63,8|67.7| 69.8
8 yearseewceccecconeeca| 5371 1,739[64,2| 5.93| 0.42 ]56.5|57.7f 60.4 {63.7167.2}7L.6| 75.1
9 yearseeweseescesee~ea]52511,730167.3 ] 7.23} 0.53 158.3{59.6f 62.6 }66.1 {70.6| 76.2| 81.7
10 yeargewees- weeeme===| 509] 1,692 169.4] 6.54) 0.47 [60.6)62.4] 65.0168.5|73.4]|78.4| 80.9
11 yearSeweene R 542 | 1,662 | 73.5 7./9 0.43 1 63.0(65.6§ 68.3 }22.4 }77.5}83.8| 88.1
Girls
- . -
6 yearseeece-eescccccas «1 4611 1,722 }159.1} 5.21} 0.34 f51.1 [|e53.1] 55.6 {58.8 ]162.3]|65.6| 67.6
] yearseecececences ~e-e=w| 5121 1,716 | 62.3} 5.55}| 0.32 | 54.656.1] 58.3]61.6 |65.8)69.6] 72.5
. . 8 yearseeoseccconcoee --1498] 1,674 }165.71 6.14] 0.36 | 56.2|57.7] 61.7165.4 169.3173.5] 76.7
9 yearseeeces-ecsccee-o 4941 1,663 168.91 7.121 0.49 |59.161.0| 63.7 {68.0}73.7{79.2} 81.6
10 yearse-em~ce~-cmeee~! 505 1,632 | 72.4| 7.89{ 0.57 | 61.263.2} 66.7|71..8]76.9182.7| 86.3
- 11 yearSe-eree-ecereee= 477 1,605 {76.6 | 8.25] 0.46 | 64.6 | 66.5] 71.0 | 75.7 1 82.2| 87.4} 92.0
. r
NEGRO i .
- . & 5
Boys
- 6 yearsee--esscesccccne 84 289 | 56.2| 3.86| 0.39 | 51.1|51.5| 59.4{56.3|58.4]61.3 63.1
] yearSeesenceccccncen= 79 286 | 58.4 | 3.34}-0.42]52.8]54.1| 56.2|58.5}|6L.4}62.5] 63.1
8 yearse-sescacsecaceoa 79 2791 62.8| 4.741 0.76 | 55.2] 56.5] 60.1|62.8|65.8168.6| 71.0
9 yearseeeeeceecscne wamee=| 74 2691{646.9| 6.14; 1.04{57.3[58.1] 60.364.767.6172.5| 77.9
* 10 yearsew-e- “eeeseceens 65 2641 67.4 1 5.79} 0.84 1 58.8)59.9f 64.3166.7|70.1|75.3{ 78.9 .
11 yearsescesccecccecee| 83 255{70.9| 6.32| 0.88'161.1]62.0| 66.8.| 70.81 74.7| 78.0} 80.2
— Girls _ {7
6 yeargemon--=zeccacas 72| 281 57.2| 4.6t oses | 49.7] 511 5.4 |57.3060.3]63.5| 64.5
] yerseceacccccceacans 93 284 | 60,01 5.67) 0.71 | 53.3| 54.2] 56.4159.4 | 62.4]66.6] 70.5
‘8 yearSemeceesceoceces -=1 113 281 {64.31 6.90| 0.53 | 54.5]55.91 59.3|63.6.69.0] 73.4 ¢ 76.9
9 yearse-ssescasicees-=| 84 265 81 7.53] 0.85]58.1|59.6|'62.6 |66.7 | 7L.4| 77.6; 79.8
10 yearse-e=-- wesencnee - 77 2661 7214 ] 8.55] 0.88 | 60.1 ] 61.9| 66.9|71.5{ 76.8| 83.8| 86.7
11 yearSaeece-ee rem====| 84} '253177,1110.56| 1.64 | 63.4|64.9| 70.4|74.9 81.8] 91.5] 100.7
NOTE: 7 = sample size; N= estimated number of children in population in thousands; X = mean;
. ~ 8 = standard deviation; $; = standard ekxor of the-mean. .
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Table 26. Normal deviates of differences between measurements of variou$ component:s.of
the extremities of white and Negro children and ranking of normal dg‘viates within sex

and age groups '

N

Sex and age

Lower extremity

Upper extremity

Acromion-

Pop- | Buttock- Elbow-|
Foot - lit:epal pk,f}ee lgingh wrist | olecranon
. length height | length 80 | 1ength] 1length
% &. Ny -
Boys P “ NOrmal deviate

6 years-----ccccccmccncccmacaaa- -3.13 -3.52 -0.81 -6.14 | -4.80 -2.61
7 years-<re---cm-cuccans " m e -4.641 -3.65]/ -1.12] -7.45| -6.47 -1.42

years------ O T L SEPR -5.14 -0.98 | -6.24| -6:64 -4,08
9 yearS----e-cncemcccomacecoanan -3.66 +0.17 | -7.61 1} &5.42 - -
10 yegrs -memccmcocc o ccccneeo *=3.57 -0.22 1 -5.01| -3.61 +1.93"
11 years~-e-cceeacaca- Temmeeeas -4.50 -0.20}f -8.77 | -7.96 -7
- Girls 4
6 years--rm--emsommcemcacomsama- -4.44 1 -3.66 ‘ -'0.31 -8.23 | -4.98 -2.50
7 years-wece--cmne- demcnn dememme -7.12 -6.18 -1.15 -8.41 | -8.38 -5.37
8 Years-=c-mmemcmammammm———————- -5.14| -3.35 -0.97§ -6.96| -7.17 -1.49
9 years----- et Dt bt -4.58] -6.46 -1,58}§ -10.57 | -8.78 -3.75
10 years----=-a--ccmccmacccanoa- -5.371 -3.54 -1.92] -9.791 -7.41 -3.86
11 years-----cemeccmccmce o -3.59 -2.74 -1.98 -6.48 | -6.09 -2.50

. Boys . Rank of normal deviate
' 7

6 years-~------c-ccc-meeocnoeao. bad 3j - 1 3’ l 27 1
7 yearg------cmcceemmcecm e 3 2 1 ~3 2 1
8 years-=-amc-cmccemmmcaeamne e 2 3 e 1 2 3 1
9.years------- et LT Tr TR PP 2 3 1 3 2 1
10 years------ccecccmocncanacnas 3 2 1 "3 2 1
11 years-e-=c----- R bttt 2 3 1 3 2 1

P e b b e b
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APPENDIX 1.

STATISTICAL NOTES -

"The Survey Design

@

. The sampling plan of the second cycle of the HES
followed a highly stratified. multistage probabiliry de-
sign in which a sample of the U.S. pop8lation (lncluding
Alaska and Hawall) from the ages of 6 through i1
years inclusive was selected, Excluded were.those
children confined to ,an instltution or residing upon any
of the reservation lands set up for the American Indians,
In the first stage of*this design, the nearly 2,000
primary,&ﬁﬁhg units (PSU's), geographic units into
which the United States was divided, were grouped into
357 strata for the use of the Health Interview Survey
and the Current Fopulation Survey of the U.S. Bureau
of the Census and were then further grouped into 40

superstrata for use in Cycle II of the HES. o

The average slze of each Cycle II stratum was 4.5
mullion persons, and all strata fell between the limits
of 3.5 and 55 mlllion. Grouping into 40 strata was
done in a way that maxi ized homogeneity of the FSU's
intluded in each stratu pdrduularly with regard to
the degree of urbanlzadon geugraphlc proximity, and
degree of industrialization. The H0 otrata were classi-
fied into four broad geugraphic regions (each with 10
strata) of approximately equal populativn and cross-
classified into four broad population density groups
(each having 10 strata), Lach of the resultant 16 cells
contained elther two ur three strata, A single stratum
might include only_one PSU (ur unly part of a PSU as,
for example, New York City, which represented two
strata) or several score PSU's, ‘

To take account of the possible effect that the rate
of population change between the 1950 and the 1960
Census might have had on health, the 10 strata within
each region were further cla:slﬂed In®’ four lasses
ranging from those with r}o increase to those with the
greatest relative increase. Each such class contained

. two or three strata.

One PSU was then selected from each of the 40
strata, A controlled selection technique was used in
which the probability of selection of a particular PSU
was proportional to its 1960 population. In the con-
trulled selection an attempt was also made to maximize
. the spread of the PSU's among the States, While not

every one of the 64 cells in the 4x4x4 grid contributes
N

“a PSU to the sample of 40. PSU's the controlled selec-
tion technique ensured the sample's matching the
marginal distributivns In all three dimenstons and being
closely representative of all cross-classifications,

..Generally, within a particular PSU, 20 ED's (cén-
BUSs: enumeratien districts) were selected with the
probabxlity of selectiun ,of a particular ED proportional
tu_its “population in the age.groups 3-9years in the 1960
Censu: which by 1963 roughly approxlmatcu the pop-
ulation in the .target age group for Cycle 1I. A similar
methud was. used for selecting one segment (cluster
of households; In each ED, Each of the resultant 20
segments was either a bounded area or a cluster of
housgholds (or addresses)‘ All of the children in. the
age range properly resident at the address visited

. - were EC ] (ellgih.r <hildren). Operational considera-

tions made it necessary to reduce the number of pro- .

~spec,tlve examirees at any one location to a maximum

of 200, The £C's to be excluded for this reason from
the SC (sample «.hi.ld)group were determined by system-
atic subbampllng. If one of the sample children had a
twin who was not a sample child, this other twin was
brought In for examination, and while the results were
recorded for use in a special substudy of twins, this
win was not included in the 7 19 children under the
present analysis,

The total sample included 7 417 children 6-11
years of age of whom 96 percent were finally examined.
These ,119.examined children represented the roughly
24 miliivn childten in the United Stutes who met the
general criteria for inclusion in the shmpling universe
as of mid-1964. RN

All data presented in this publicadon are based on
“weighted” observatigns. That is, data recorded for
each sample child are inflated inthe estimation process

to characterize the larger uni®ese of whichthe sample °

child is representative, The weights used in this in-
flation process are a product of the reciprocal of the
probability of selecting the child, an adjustment Jfor
nonresponse cases, and apoststratlfied ratioadjustment
which increases precision by bringing survey results
, Into closer alignment with known U.S, pupulation ure‘
by color and sex for single years of age 6‘ -11, 257"

In the second cycle of the HES the sefiple was the
result of three stages of selgo#Gh—the, single PSU




R

from each stratum, the 20 segments from each sample
PSU, and the sample children from theeligible children.

. The probability of selecting an individual child is the
product of the probablilities of selection at each stage.

Since the strata are roughly equal in population

' sizeand a nearly equal number of sample children were
examined in each of the sample PSU's, the sample
design is essentlally self-weighting with réspect to the
target population; that is, each child 6-11 yearsold had .
about the -same probability of being drawn i,nto the
sample,

The adjustment upward for nonresponseis lntend'ed
to, minimize the impact of nonresponse on final esti-
mates by imputing tononrespondents theqharact’erisdcs
of "similar'" respondents, Here "similax"' respondetits
were judged to be examined children in a sample psu -
- having the same age (in years) ‘and sex as ¢hildren not
examinéd in that sample PSu. )

The poststratified ratio vadjustment used in the ,
second cycle achieved most of thé gains in’ pre\cision
which would have been attained if the sample had beén
dravn from a population stratified By age, color, and
sex and made the final sampleestimatés of populatlon i

. + afree exactly ‘with independént controls preparpdby the’’
*s :5« U.S. Buzeuu of the Census for the noﬁlnstltutional pop-.
5 * uladon of'the United States as of Augustl 1964 (approx-
imate midsurvey point) By color and sex for edach |,

single year of age 6-11., The weights of every respondlng
sample’child in each gff the 24 age: color, and sex.
clagses are, adjusted upward or downward so’ that.tie
: weighted total within' the class, equals the independent
_ populationcontrol.
A ‘more detailed' descriptlon of the sampling plan
. and estimatign procedures Is included in. earlier re-
. ports of the Vztlzl and Health Statistics series.5” Se-
) ries 11.No. 1.} dcscribes the techniqueb used in Cycle
I. which are similar to those of Cycle L, '
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’ Noics on Response Rdea : ; ) "

. There were 7 417 :children aged 6-11 years se-
" lected. tor examination. of these, 7,119 were actually
examined, which made an overall responsg rate af just
under 96 pgrcent. The .cesponse rate by sex and - -ygar
age group {8 shown below‘ '

- -

. .

~Kkge ‘Boys, Girls -
/ Bg » v y . K
. ~: T B 1;""'
6nnmmmmm P PO 92.:‘»’ 9.9
R SN 96.5 95.5
R R D LS LE LS P . * 97.0
T - .61 %48,
10memememe e Amwmm—————— . 5.1,
------ NSRRI %.2| ¢+ 95.6
Totale-am--nz S, - 9%.5| . 95.5.

: . L] N
\ A4

4

Aruitoxt provided by Eric:

. N
N N . N

+

= i
White =®
# ‘ S o "-, . -
L — SO 97.7) '96.3] 97°3 %X,
TR cmem -} 97.5). 96.3] 98.9}° 9.8 |
gommermeemeomgemm=| 97.51795.0] 99.1| 96.5 . =«
S B 98.7'| 97.4}100.0| 93.9 .
10---vdrmmcamnn ---| 98.5| 96.8{ 97.5| 9.7
j5 98.8| 95.8) 98.8| 95.0 - g
Totalys=emimmnemn- 98.1] 96.2| 98.7] 9490

A striking difference in response is readily seen, Ne-

. ., gro children reépondéd better than their white counter -

parts at every age group,. and 9-year-old Negro girls
had an extraordinary 100-percent response rate, -
' L . . s

;

Paromeier ond Yariance Esicmahon

L)

.

As each of the 7 119 sample children has' an
agsigned statistical weight al] estimates of popul'ation
parameters presented in HES publications are computed
taking this wéight into consideration Thus, X, the esti-

ate of a populatiommean u,” is , computed as i‘ollows, |

x- Wi x/zw where X is the obseryation or

measuremem taken on the ;™ person and W, is
. the statistical weight assigned to that person.

The HES has an extremely complex sampling plan,
and obviously the estimation procedure is, by the very
, naturg of the sample, complex as well. Amethod is re~«
quifed for estimating the reliability of findings which -

- Treflects both the losses from clueterlng sample cases
" at two stageg and the gains ‘from stratification, raygd
estimation, and poststratification,
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The method.for estimating variance‘s in the HES -
is the half-sample replication technique "l’he method -
was developed at the U.S. Bureau of the Census prior
w 1957 and has at times been given limited‘usé in the .
estimation of the reliability of results from the Current

’ Populatl,on Survey. This half,-sample replication tech~

nique_is particularly well suited to'the HES because
the sample although complex in _design, 18 relatively
small (7,119 cages) and As based on but 40 strata, This
feature permitted the development of a variance esti-
mation compuger program . which produces tables con~,”
taining’ desired estimates of aggregates, means, orr -,
dfstributions, together with *& table identical in format

but with.the estimated variances instead of the estl-
mated statistics,. The computations' required by the - - o
method are simple and ‘the {nternal storage require-

-




ments’are well within the limitation of the IBM 360-50

. computer system utilized at the National Center for
. Health Statistics. : -
Varlance estimates computed for this report were
based on 20 balanced half- sample replications. A half
sample was formed by chgo: sifig one sample PSU from
each of 20 pairs of sample PSU's, The composition of
the 20 half samples was determlned by an orthogonal
plan, To compute the variance of any statistic, this
statistic is computed for each of the 20 half samples.
Using the. mean as an example, this is denoted X,
Then, the wejghted mean of the entire, undivided sample
(x)ls computed. The variance of, the mean is the mean

about the overall mean. Symbolically,
‘ . R 4 (%-% .
= iul -~
Var-(X)-——-2 o
and the gtandard error ‘of she mean is.the square root
of this. In a similar manner, *the standard error of
any statistic may be computed.
A detalléd description of this replication process
by Philip J, McCarthy, Ph.D., has been published,*®

Standords of Reliability=and Precision

All means, variantes, and percentage$ appearing
il this report met defined standards before they were
considered acceptably p:iclse and reliable.

The rule for.reporting means and percentiles&con-

. " square deviatlon “of each of the 20 half-sample means °

Hypothesis Testing . . .
Classically ! to test the. difference between two

means (or, put differently, to test whether two samples

cquld ’have been drawn from the same population;, une

could set up a test statlstic which would utilize the .

means and standard errors of the means as computed

from the samples. The statistic . -

. f’
- - [y
. X -X
T N ee—————
2 2
. 8= 8§ LS
? n* N «

would then be compared to a table of normal,devlates !
0 deteymine the probability of obtamlng values of the
est statistic as extreme or more extreme than,that
computed, if in fact the two population meads were
equal, .
Because of the n'k.ny breakdowns of the HES sam-
ple, innumerable tests of this nature could be.per- -
formed, With each new test, thé probability of reject-

fng a hypothesis incorrectly may be .05; but if 10 such
tests are performed, the probability of rhaking at least
one mistake' somewhere in those 10 tests is closer to
0,60, This. Jast "overall error rate" will get jncreas-
ingly large ‘as the number of such tests increaSes.
Therefore while the data necessary to do z tests are
provlded in ‘th¢" tables of this report, no such tests
were performed by the authors,

lC '
.
.

. at?
sisted of two basic criteria. The first Criterion was It was decided to place the greatest emphasis on
that a sample size of at least flve was required. If this a relatonship remaining consistent over both sexes
first criterion_was met, then the second criterion, and all ages under conslderadonAn—ether words, to
“  that the coe t of variation fi.e., the standard say, for instance, that ' glrls have buttock-knee lengths
error of the mean divided by the mean(sg/- X)) was to greater than })oys for all ages between 6-11 years' has
be less than 25 p nt, must have been demonstrated. far mure meaning and interpretability than to say ''the
us, if elther the sample gize was too small, or. the mean buttock-knee length for 6-year-old girls is sig-
¥ . variation with respect to the mean was too large the nificantly greater than the corresponding mean fur 6-
estimate was onsidered neither precise nor reliable year-old wys,” as determiined by a nurmal deviate, -
enough o meet the standards establiched for publl- § In these analyses consistency, rather than a statement **
caton. dbout a succession &f individual probability levels, is
the factor considered most important in demonstrating ‘
NOTE: The list of references follows'the text. relatfonghip, .
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, S N APPENDIK 1i ]
. TECHNIQUES OF MEASUREMENT AND QUALITY CONTROL
! , Techniques of Measurement" This repetition served both as a doublecheck on the
- o measurement and to reduce recording errors,
Trained observers made a}l measurements, reading Measurements were performed in a regu_lar\ se-
them to the nearest millimeter (tenth of a centimeter). quence to minimize the number of position changes the
All measutements were read aloud to a recorder, who child was required to make. The sequenceisillustrated
- repeated aloud each numbér back to the observer as it on the measurement recording form (figure I). It
1 was recorded in the proper spacé on the record form, should be noted that not all the measurements taken in
. . .
HEALTH EXAMINATION SURVEY~—II * ;
. ‘ BODY MEASUREMENTS =eroL 1nse—rarons d
4
. OmeERVER (&7 RECOADER ~ 7
) ) i SITTING .. |eme STANDING (FLOOR) *
: 18 | POOT LENGTH e ¥ w1 | macacsiat olas. \ —— b, =
}" R 143 POOT BREADTH [T . I;ll ACROMION TO OLECRANON — .-.-.‘:.—.
< 4 ¥
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Figure |,

Body measurement recording form.



the survey are repotted inthe-present report, The three
skinfolds, for examplg, have becen analyzed and reported
already, while other specific weports are still in prep-
aration, )

All of the technicians were experienced X -ray tech-
nicians who had been trained in anatomy and the identi-
fication of specific body landmarks. In addition® X -ray
technicians, both by disposition and training, tend,to
work well with people.and are skilled ln giving the ex-
aminee verbal orders along with the necessary handllng
to achieve proper positioning,

Each technician received more than a mdhth of
intensive training before being considered minimally
proficient in making body measurements, In this train-
ing..he became skilled with the equipment, the pr¥cise
locations of the body at which the measurements were
to be taken, and the technique of measurement itself.
The major sources of measurement error are improper
positioning of subject's body, improper selection of
specific body landmarks, and improper application of in-
strument {for instance, not perpendicular when meas-
uring 3 diameter or circumference or. improperly
compreéssing the soft tissue - over bony Iandmarks).
Incorrect reading of the instrument (usually trans-
position of numbers) also occurs with djscouraging
fréquency, When these errors were mostly overcome,
the new technician's data were carefully compared with
those of the other three technicians and the two super-
visors before they were officially accepted as recorded
data, . -

As was emphatic ally stated by Hertzberg when sum-
marizing the€onference on Standardization of Anthropo-
metric Techniques and Terminology in 1968 % every
effort must be made to insure accuracy ofmeasurement
and standardization of procedure if the data are to be
useful. The preceding discussjon sketches the chief
procedures used 1o reduce both systematic andvariable
measurement error. As discussed in the lengthy sub-
sequent section, "Quality Control and L.stimation of
Residud! Measuremg:__[::r"r "' thz zhsolute amount of
systematic error can never truly be known unless one
agrees. on the "perfect measurgr with perfect equip-
ment periectiy applied, etc.” A good estimate of the
‘residual variable measurementerror can, however, be~
‘achieved by replicate examinations for both intcr- and
intra-ohserver variability. -

In the subsequent pages, the equipment, meadsure-
ments. and specific procedures usea in the survey are
‘ described and .)luatraud Next thc quality control pro-

ments are discussed extensively. ; s

Equnpmem .

The
anthropometyra, small shuding calipe s steel tapes, and
a measuring table with an adpustable Datrest,

NOTE  The Iist of references tollows the toxt
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cedures which were used to monitor the body mmsur‘e-_

megsuring  eqaipment consstedf several -

i
i
i
z
!
!
|

‘Fﬁlgure 1. Anthropometnc mstruments ysed in Health Exanin-
ation Survey, United States, 1963-65; A: mthrppometer B:
slrdmg calipert C: stewel tape. :

I —

Fhe anthropometer (figure II) wis used tomeasure
various body lengths, heights, and breadths, It is a rod
consisting of four sections and two crosshars, or meas-
uring arms, One of the crossbars is fixed, while thes
other is> movable, The anthropometer is calibrated in
centimaters amd millimeters. It has two scales, One
reading from the top downandthe other from the bottom
up. In this survey, a section of one anthropomyter was
fitted with a base for stabilizink purposes (to avoid
tilting when making various height mcaéuren{ents), while
another was fitted into the sliding backboard of the
measuring table, .

The small sliding caliper (figure 1) was used to
measure hand length sand breadth. 1t consists of a flat
metal bar upoa which a slide moves, One of the cross-
bars s fixed, while the other is “movable, The small
sliding <talipers are calibrated in centimeters and
millimeters, . - . .

“The steel lape (figure Il) was used to measure

various bodv circuinference< It is a flexible tape with
a spring rewind and it 1~. scaled in centimeters and
millimeters on one «i'e, in inches on the other,
_The measuring table was such that it could ac-
comimodate children of varving izes and proportions,
It was equipped with an adjustable footrest in order to
maintain & standardized position of the lower extrem-

v
-

-

!

()( -‘- . .:'3.

A




-

¥
H

itles during Ifie measurement process. The surface
of the table was also equipped with 4 measurement
scalein centimeters and millimeter sand witha sliding

‘backboard at right angles to the scale.

Measuring Procedures ond Definitions

Weight was measured on aToledo self-balancing
weight scale which mechanically printedthe body weight
directly onto a permanent record. It was recorded to
the nearest 0.5 pounds.!

Height was measured as the distance from the stand—

' ing surface tothe top of the head. The child was in stock-

Q

L ERIC

Aruitoxt provided by Eic:

ing feet with feet together, back and heels against the
upright bar of the height scale, héad in the Frankfort
plane (lookiny directly for.'.*a:d) and otanding erectly
("standing up talf"),!

General position for sitting. measurements. The
child sat on the measuring table with the popliteal
fossae at”the front edge of the table. The footrest was

adjusted so that the child sat with his knees and fe€t

together, heels against the heel rests, feet at right
angles to the lower legs, and lower legs at right angles
to the thighs. Elbows were held at the sides with fore-
arms at right angles, hands open, and palms facing
each other, or with hands resting on knees. Arm
positions, were adjusted when necessagy to meet the
requiremgnts of specific measurements.

General position for standing meusur ements, The
child stood erectly with the head oriented in the Frank-
fort plane, i.e., looking directly ahead and feet to-
gether. Arms were held relaxed at the sides. Postural
adjustments were made to meet the requirements of
specific peasurements.

_Sitting height was measured asthe vertical distance
frotn the sitting surface to the top of the head. With the
subject seated as> described above, thé backboardonthe
measuring table was brought up firmly against the but-
tocks. The movable arm of the anthropometer (which
was inserted into the backboard) was brought down
firmly to the midline of the top of the head.

Buttock-knee length was measured as the distance
fromn wne rearmost projection of the buttock to the front
of the right kneecap. With the subject seated as pre-
viously described, the fixed crossbar of the anthropom~
eter was placed in light contact with the rearmost
projection of the buttock, and the muvable crossbar
was brought into light contact with the front surface of
the right kneecap (patella).

Popliteal height was measured as the distance from
the surface of the footrest to the underside of the right
knee. With the subject scatedas previvusly described,
the anthropometes with its attached, base was placed
on the footrest adjacent to the right fou and the mov-
able arm Wwa~ brought to the level Iof the table surface
on which the child was scated. This isthe level at which

NOTE. The list of references follows the “text.
L ’.I.-
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the under side of the right knee (tendon of,the biceps
femorjs muscle) comes 1nto contact with the table sur-
face,

Foot length was measured as the distance from the
back of the right heel to the.tip of the longest toe, With
the child seated as previously ¥éscribed, the fixed arm
of the anthropometer was lightly applied behind -the
heel with the rod parallel to the long axis of the foot,
The movable bar of the anthropometer was then brought
into light contact with the tip of the longest toe.

Acromion-olecranon length was measufed as the_
Jistance from the acrumial prucess of therightscapula
\outer point of the shoulder, ta theolecranonprocess of
the ulna (elbow;. With the subject standing, rightarm at
his side and elbow bent at a 90-degree angle, the fixed
crossbar of the anthropometer was placed farmly atthe
right acromial process and the movable crossbar was

brought into frrm contact with the olecranon process

(tip of the clbow). .

Elbow-wrisi length was measured as the distance
from .the olecranon process C(bow; to the distal end of
the styloid process of the ulna. With the subjuct seated
as previvusly described but with palm facing downward,
the fixed arm of the anthropometer was firmly placed
at the olecranon process (tp of the elbow) and the mov-
ablearm wasf:rmly placedat thedistal end ot’ the styloid
process of the ulna.

Hand length was measured as the distance from the

wrlist (midpoint of most distal crease or groove) to the ’

tip of the middle finger. With the right hand fully ex-
tended, palm up.and thumb straight, but rclaxed, the
fixed end of the sliding caliper was placed at the mid-
puint of the distal crease at the wrist(located by having
the child flex the hand at the wrist), and the movable
*rossbar of the caliper was placed in light contact with
the distal tip of the middle finger.

Biacromial breadth was measured as the maxiz
mum dJdistance between the right and left acrumial prow-
esses uf the scapula. With the subject standing and
the ubseryer standing behind.him, the fixed arm of the
anthropometer was placed at the most lateral puint of
the left acromial process and the movable bar brought
to the mast lateral point of the right acrumial provess.
The measurement was made with fzrm contact.

Bicristal breadth was measured as the distance
between the most lateral points of the illac crests.
With the subject standing and the observer standing
behind him, the crossbars of the upper segment of the
anthropometer were brought into firm contact with the
edges uf the illac crests on each side. This measure-
ment was made with firm pressure. -

Chest breadth was measured as the breadth of the
rib cage under firm pressure, With the subject stand-
ing and breathing normally, the fixed crussbar of the
anthropometer was applied firmly at one side of the

“rib cage and the movable crosshar was applied firmly

to the other side at the level of thie nipples. The cross=!
bars were angled slightly downward to avoid slipping

e . 53
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Figuredit. Schematic illustration of anthropometric dimensions takeri on children aged 6-11 years in the Health

. Examination Survey, United States, 1963-65., . e
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Figure nin. Schematlc iltustration of anthropometnc dlmcnsnons taken on children aged 6-11 years in the Health
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intu the,spaces between the ribs. At all times the rod
of the anthropometer was parallel to the floor, In older
girls who had a noticeable degree of breast develop-
ment, the level of the junction of the fourth rib with the

sternum was used as the measurement landmark.

Chest depth was measured as the distance or
depth from the.front to the back of the rib cage under
firm pressure during normal breathing. With the sub-
jext in the same position as for the chest breadth meas-
uzeément and with the observer approaching the child
from the right side, the fixed arm of the anthropometer
was applied firmly to the back of the chest and the mov-
able arm was applied firmly to the sternum at the level
of the nipples. At all times the measuring instrument
was parallel to the floor. Inolder girlswho had a notice-
able degree of breast development the level of the junc-
tivn of the fourth rib with the sternum was used as the
measurement level, ,

Bicondylar breadth of the femur fvas measured as
the maximum width between the copdyles of4he right
femu-, With the subject standing, the—fiked bar of the
anthropumeter was placed firmly on the medial condyle
and the movable bar brought to the lateral condv‘n with
firm pressure.

Upper arm girth was measured at the level mid=y |

wdy between the acromial and olecranon prucesses of
the right arm, The midlevel was located while the sub-
Ject held the forearm at a right angleto the upper arm.
The .measurement wax made while the right arm hung
loosely, with the tupe horizontal and in contact with the
skin without deformimng the skin contours, 1.e., with-
out compressing the underlying tissues. Note that this

" measurement was made at the same level as the tri-

Q
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Aruitoxt provided by Eic:

RIC

ceps skinfold measurerhent.

Lower arm girth was measured as the maximum
circumference of the right forearm just below the el-
bow joint, The girth was measured just below the elbuw
at the widest part of the forearm while the arm hung
loosely. The tape wda applied horizontally (& cuniuct
with the skin without deforming the skin conltours,

Calf girth was measured as the maximum r-
cumference uf the right calf at right angles to the lung
axis of the leg, With the subject standing, legs several
inches dpart and weight equally distributed on hoth
feet, the girth was measured at the level.of maximum
circumference. The tape was placed in contact with the
skin without depressing the skin contowrs.

Chest girth was measured as the circumfer_ence
of the chest during normal breathing at the level of the
fourth intercostal space. With the subject standing as
for the measurement of chest breadth and depth, the
steel tape was ‘applied firmly but without depressing
the skin. "Special care was taken to make certain that
the tape was horizontal.

Waist qirth was measured as the circumference
of the waist,”
between the luwer edge of theribs and the iliac crests,

Wwith the subject standing and breathing normally, the
k]

-

abdomen relaxed, at the level midway *

b
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steel tape was applied firmly but wz'thoutde;;"essmg the

skin, Special carg was taken to make certain the tape

“was horizontal,

Hip girth was measured as the circumference of
the hips at the level of the greater trochanters (the
widest bony part of the hips). With the child standing,
feet together, the steel tape was applied firmly to
compensate for clothing (this girth was measured over
shorts), Special care'was taken to make certain the
tape was horizontal,

Each dimension measured ig gchemancall;, 1llus-
trated in figure Il1, -

¢

Derived Measurements

~  Subischual length was vbuined by sybtracting sit-
ting height from standing height. 1t provides an esti-
mate of the length of the lower extremities.

Estimated nud-arm muscle circumference was
derived from the upper arm circumference and thetri-
ceps skinfgld, both of which were measured atthe same
level of the arm midway between theacromial and olec-
ranon processes. The arm in cross sectiom*consists
of skin, subcutaneous fat, muscle, and bone. The skin-

* fold me%urement s a double fold of skin and under-

lying subgutaneous fat. If it Is assumed that the upper
arm is 4 Cylinder and the principles of circle geometry
are applied. the arm circumference can be corrected
for the thickness of the triceps skinfold, leaving an es-
timated mid-arm muscle-bone circumference or, for
the sake of simplicity, estimated mid-arm muscle
circumference, Thus,

EMC=AC-rS,

where EMC is the estimated mid~arm muscle circum-
ference in cm., AC is the_upper arm circumfer ence in
cm.. and 5, is the Pfriceps skinfold in cm. Since the
cstimated mid-arm muscle circumference for large
numbers of children i» generally calculated via com-
puters and skinfold thicknesses are usudlly measured
in millimeters, the following formula was used:

“ - IS

EMC (em) =1 [AC(cm ) S'f:)nm)]
T A\
- .

indexes and Ratios

Ponderal index provides an approximation of phy-
sique ur body build un o linearity -later ality cuntinuum,
It was obtained as follows, amnding height in inches
divided, by the cube root of body weight In pounds
{heighty \/wexgh 'R

Sitting helght/stature ralio indicates the rélative
cuntribution of siting helght (i.e.. hegd, and
trunk; tu total statre. It was vbtained as fullows. sit-
ting height divided by standing height times 10U. This
ratio is expressed as a percentage.
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" width, It was obtained as fulluws.

Bracromual breadth ‘bicrislal breadth raho indi-
cates the relative propurtion of shoulder width to lup
biac romial breadth
divided by bicriBtal breadth times 100. This retiv is
expressed as a percentage,

Quohty Control and Estimation of Residual

. Meosurement Error9

Monitoring Systems

Despite efforts to reduce measurement errors,
residual errors of a magnitude large enough towarrant
concern occur with some regularity.in any anthropo-
metric survey. There is, therefore, a real agd urgent
need to have a system whereby these residual errore
can be* monitored. The goncept of quality control is

sed on the desire to gbtain end products of a speci-
fled quality, Thus, one of the main purposes of a
monitoring system is to indicate whether the meas-
urements produced by a cerfaln measurement proc-
ess have attained the desired quality. A second major
purpose is to make possible quantitative ‘summary
descriptions of residual measurement errors to aid

in the interpretation of survey data.
Perhaps the most direct monitoring system used

in the Health Examination .Survey was obserwtion of

" the measurement process as It was being applied to

an examinee. Medical, dental, and'psychological ad-
visors from HES and other advisors and consultants
regularly visited the examination center to cbserve
examination procedures and to retrain examiners if
necessary. A good example of how routine obhservation
was used as a monitoring system can be found in the
taking of body measurements. One.member of the ex-
amining team, a trained anthropometrist, acted as a
recorder and aided in positioning of the examlneea
while he was additionally responsible for observing
and correéting any errors in measurement technique.

As a careful and thoughtful quality control pro-
gram tends to be an evolving process, the most ex-
tensive systematic_monitoring of body measurements
performed in any’of the cycles of the Health Exam-
ination Survey was ‘achieved in Cycle Il (youths 12-17
years, data collection’ 1966-70). The formal system of
replicate examinations which was ﬁna;ly instituted in
Cycle 11l is described later in this -appendix along with

" a discussion of its applicability to Cycle II,

Replicate measurements are useful for a variety”

of reasons, e.g., as a means of increasing precision -

of individual measurement estimates, as a training
technique, and as a monitoring system which includes
the objective of final evaluationof measurementerrors.
These three objectives are compatible, and replicate

EThis sectton 15 1n pate based upon Schaible's lucid and systematic
2

discussion of quality congrol and error estunation 1 the HES. Scnes 2.

Number 44. ) .

data collected primarily for one of them often 1ndirectly;
if not directly, accomplish one or both of the remaining
two. For this reason replicaie data are most often
éollected with a combination oftheseobjectivesin mind.
The single most important source of replicate data in
Cycle Il was the replicate examination procedure, in ’
which approximately 5 percent of the regulgr examinees
were returned to the examination center for a second

* complete examination (except for drawing blood and

taking X-rays). .

0

+ Biases and Controls in Replicate Measuremecr‘ns
~ .

A major source of uncertainty in estimates de-
rived from replicate measurements is inability to make
the replicate measurement under precisely the same
conditfdns and in the same manner as the original
measurement. This uncertainty is difficult to evaluate,
amy, most attempts -to do so are restricted to sub-
jective Statements concerning the direction and/or
size of the bias and the need for concern in the analysis
of data. -

Several policies regarding Cycle III replicate ex-

aminations were designed specifically to obtain meas-

urements under the same conditions and in the same
manner as the initial (original) exam. Repiicate ex=
aminations wer e notconducted at a specific time."When-
ever possible, they werée interspersed among the regular
examinations--An original examination was given prior-
ity over a repllcate examination ir that none would be
scheduled if it”occupied time needed for a regular ex-
amination. There was often space to interjedt replicate
examinations in the schedule without interfering with
regular examinations, but this priority, plus the fact
that replicates were drawn from™those previously ex-
amined, increased the likelihood that a replicate exam-
ination would be scheduled toward the endof the exami-
nation period, Nevertheless, the attempt to space rep-
heate examinations throughout the regular schedule was
a valuable policy inthatthe interspacingof replicare and
original examinations created anatmospheremorecon-
ducive to both examinations being conducted in essen-
tially ihc same manner, -

The examiners were 1nformed of the purpose and
importance, of the reexaminations. It was emphasized
that tfley should not vary their procedures on a rep-
licate examination or in any waytry tocollect "better"’
data than they would gormally. Thereafter, lnsr?uctlons
on the conduct of replicate examinations were not given
greater emphasis than any other instruction because
overemphasizing "'sameness" might have created more
bias than it would have eliminated.

At the time of the original examination nezther\*the
observer nor the examinee knew whether or not'the
examinee would be returned for a replicate examina-~

{ tion. During the repllcateexamlnatlon,observersGrere
not specifically informed that an examinee was a rep-
licate, although no attempt was made to conceal this

. L3
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fact since in an examination as length); as that giwen
in HES the examinee would undoubtedly be remembered
by several -if not all, examiners. Lven though an ex-
amifnee might be remembered, it was extremely un-
llke‘fy that an examiner would remember a specific
m2asurement after a time lapse of 2 or 3 weeks. Some,
bias might be introduced by the examiner’s knowledge
of the replicate status of an examinee, but generally
. ¥ this bias would seem quite small when eompated to the
measurement error and in some Casestothebiases as-
sociated with the knowledge and familiarity gainedby the
examinee during the original examinatiop. Examinee
%s can be important, especially when a response is
elicited or when the true value of the measurement has
changed because of a time lapse, Since the time lapse
was usually 2 or 3 weeks, some appreciable changes
might occur in certgin measurements such as weight.
"However, for most of the data collected, the actual
change ‘over this short period of time can only be very
small and this effect may usuaily be neglected. Pre-
vious experience is much more likely to affect the true
replicability. of psychological tests and those physio-
logic tests requiring high levels of subject participation
{ouch as the treadmill and spirometry), with procedures
in wlich the subject is passive and very little learning
i involved, such as EKG and body measurements, the
effect of previous experience is almost zero.
¢ 'In Cycle I replicate data were obtained on ap-
" ‘proximately .70 percent of those selected for such
. examinativi., One explanation for this low rate is that
persuadion and followup efforts were not as intensive
as for regular examinees. This is partially because
regular, examinees were given priority if interviewer
or exdmination time was limited. There also appeared
twwbe an increasgd frequency of objection to returning
fur 3_{:::nd examination, 45y demonstrated in the most

3

frequent reasons for refusal. "One time is enough”
and "I tan't miss school again."

Selection o'f Roplicate Examinees

The selection of Cycle I wbuths for replicate
examinations was randbm within certain regtricdons
imposed by practical considerations, One restriction
was that replicates were selected only from those
examined during the first week and a half of the ap~
" proximately 3% weeks of exanfinations at any one lo-
cation. This time period was chosen to facilitate the
interspersing of replicate examinations withoriginals
in the examining schedule without interfering with the
time allotted for original examinations and without
“{chedullng additonal time to accommodate replicates,
n a voluntary survey it is obviously impossible to
follow a statistically random process in scheduling
‘subjects, so those schedpled during the first week and
a half are not, in the strict sense, a random sample
of all those scheduled, though they may be randomly
distributed for those features which are significant.
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Evidence that replicates .might be considered 'rep-
resentative’ 1s found n the fact that youths of certain
ages, locations, incomes, etc., ,were not routinely
more likely to be scheduled during any particular
segment of the examination schedule. However, the
availability and desires ,of the subjects do influence
the composition of tht; replicate sample. For in-

. stance, an examinee whose partcipation in an original

examination was achieved only after repeated contacts
by survey personnel was léss lﬁ’cjli to have.been in-
cluded in a replicate examination since it is unlikely
that he would have received an original examination
during the first wgek and a half. The schedule of lo-
cations, time of year, seguence of examlnations and
other related factors which might make subjects mote

“or less readily availablg show no qbvious discrimina-

tory effect in the selection of replicate examinees.
After examining these and other relatively, minor con-
siderations, there appears to be no reason to believe
that subjects scheduled and examined during the first
part of a stand differed from those scheduled and ex-
amined during the latter portion with respect to the
data gathered,
" Another restrictivn on complete randomness 1n the
sefection of youths for replicate examinations was the
exglusion of those examinees living somewhgxe 'geo-r
graphically incogvenient' to the examination center,
“Geographically inconvenient" was arbitrarily defined
as a distance of 30 miles or more although exceptions
were sometimes allowed if conditions diciaied. A pri-
mary cpnsideration in choosing a site for the exami-
lgenter was the centrality of the location n re-
lation to the sample segments (a segment 1s a cluster
of households). Since segrments were drawn with prob-
ability proportional tu population, most segmenis were
in re_latlveiy populated areas, so the examination.entcr
was 2lso in or adjacent to a relatively populated area,
Therefore, the subjects deleted by this 30-mile Fe-
striction ysually resided in‘relatively less populaEed
areas. Thus this icstriction may create a bias in rep-
licate data if, in fact, characteristics differed with
population density, Even if differences did exist, the
tetal effect of this restraint would not be great since
it excluded only approximately 10 percent of the eli-
glble examinees. There were other minor restrictions
of a medical and operational nature imposed on the
complete randomness of the replicate sampley,They
were not, however, readily assoclated with Yarge
differences since at most only 1-2 percent of the
eligible exaininees were deleted for these reasons,
Since the purpose of replicate examinations is t
glve Information about errors, the matter of wn%
between those excluded and those eligible for geleétion
is not possible differences in measurement valucs but’
pussible differences inthe errorsassociatedwith meas-
urements ds shown by the discrepancy between two
measurements un the same subject. For example, meas-
urements may vary markedly by some demogmphico
»~
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classification, but this Is not as relevamas\[he questiun
of whether or not the measurement ¢rrors vary by this
classification, A" similar differential in the active and
passive participation of subjects (e.g., spirometry
versus body measurements) 1s assumed tuoperate here
also, but in a different way, That is, it, must be assumed
that the most cooperative subjects, by and large, selfs
select themselves, and that their scores aretrucr esti-
mates of the variable being tested, It is thus likely that
their test-retest differefice would be smaller, On the
other hand, although subjects did influence measure-
ment errors, it should also be noted that the environ-
ment, procedures, and examiners were also highly in-
fluential in the final measurement, Consideration of
these additional influences causes a vompletely random
selection of subjects to be of sumewhat Iess cuneern,

The Analysis of Replicate Data on Body

Measurements -~ .

Although a variety of mom(orbmg systems for body
measurements were 1n effect in HES from the beginning
of Cycle I, it was npot unul Cycle Il that a formal
system was instituted of recalling approximately S per- -
cent of the subjects already examined for a replicate
examination, However, during Cycle I, which is the
concern of the present report, several "in-field" at-
tempts at assessing replicate body measurements were
made, These included the following:

/ which the exafuning technicians performed du~
plicate sets of measurements on a small group
- of subjects producing data for immediate exam-
ination of itra- and inter-examiner differ-

ences. - ’
{2) The two Cyile llexaminingcaravansconverged
~ from the east and west for a measurement

. stand in the Greater Chicagoarea, After sched-
uled examinations were completed in the normal

KLY, Several formal irawning sessiuns were held in

manner, one of the caravans (Cgravan I; re- A

examined (for our purposes, remeasured) ap- .
proximately SO children who had been ininally
_ examined by the staff of the other caravan
+ (Caravan W), and vice versa. This operation
permitted the technicians an "in-field" exam-
ination and discussion of the replicate measure-
ments, -
Finally. atotal of five intensive 2-day sessiuns

3 .
wefe conducted by the supervisors in the fkf -~

examination centers.

No fdrmal, detailed analysis of the data inthe statistical
sense was carried out, primarily because the above at-
tempts were more traiming ghan evaluatiun sessions,
In Cycle 11, on the cther hax{d asystematic attempt

at analysis of replicate body medsurements was made,
*A wral of 301 replicate exammatwns from Cycle 1N
were collected and subjected tv an exlcnsnc analysis of

\
b
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intra- and finter-examiner variation in body measure-
ments, i.e/, variation within the same observer and var-
iation betfreen differegt ubservers. Since the conditions
under wiich the body measurements were made werc
essentwally wdentical in Cycles 1l and lll,there 1s reason
o believe that the results of the quantitative assessment
of replicate measurements of data collected in Cycle Il
can be eftkctively applied to Cycle 1, In other words,
should the anglysis indicate a reasonably gooddegree ot
accuracy within and between examiners in Cycle 11, i
can be safely ssumed(hatasnmllar degree of measure-

very similar, there were four relatively minor differ-
vnces, First, the children in Cycle Il were younger and
smaller n size, (There s, however, no reasonto assume
that the relative measurement “error is different for
younger and smaller individuals.) Second four of the
human engineering measurements takekin Cycle llwe ’
not measured in Cyclelli; they were replacedby sevéral
.segmental length measurements of greater biological
significance and interest, Third, atotalof l;t/chnlmans
made measurements during Cycle I, bt in Cycle 11,
the same four technicians parucxpated in equal degrees
throughou( the entire cycle, Fougth, a more elaborate,
systematic collection of replicate data with greater
pumbers of subjects was wutilized in Cycle Il Other
factors—the instruments and their calibration;tech-
niques of measuremem;(ncxhods of training, selection

of technicians, examinafion environmient, and the chief
medical examiner and the physical anthropologic con-
sultant—were the same, It should be noted further that
two of the four techni ians who participated in Cyclo
11 of the HLS continued fpr several years into Cycle 11,
In summary, the enly sx;,nificant differences in quality
.vontrol considecrations for body mgasurements between
Cycles 1l and lll’ were the addnion of the systematic
cullection of replicate data and the use of a greater
number of technicians in Cycle IlI. The authors have
concluded shat these two differences approximately
counterbatance one another, resulting in equivalent de-

grees/of/rﬁ“easuremem varialiogﬁ.A
Cycle Il Systematic Replicate Procedure

o

Bedy measurements were taken on6,768 youths and
i“these data comprise the HES findings. Replicate body

yJme&eyrements were obtained on 301 youths at 30 of the
40 locations (or stands) visited throughout the United
States, That 18, anaverage of 10 youths were reexamined®
at each stand. Of the 301 youths, 224 were yeexamined
by a technician other than, the one initfally mea“ g
the youth, while the remaining 77 were reexamine

the same technician, Altogether duringthe 4 years, ll
technicians participated in replicate measurements for
this phase of the quality control program,

It is of interest toascertainwhether eachof the ex-
aminers had a representative number of replicate meas-
urement s.ssiuns with respeci tothe number of examina-

\\ i H
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Table 1.

Percentage of regular and replicate examinations performed by each technician

Percentage of regular

Replicate examinations

Technician number Cycle IIL examinations .
‘ . ST T e ]
. § LT Percentage of intra- | Percentage of er=
] . - examinations examinationsta
- o — -
1 " 0.8° 1.3 0.9
2 13,4 2.7 ~ 10.2
3 22,8 21.3 21.4
4 6.1 4.0 2,7
5 13.5 y 10,7 16.7
6 6.1 - 5.3. 6.5
7 3.7 5.3 4.9
8 15,1 . 24.0 “ 16.4
9 . 11,3 . 16,0 - 13.3 >
., 10, 3,0 N 2,7 ’ 3.6 ‘
11 4,1 6.7 ‘3.6

tions he perfurmedduringthe survey.lt shouldbe care-
fully noted”that it was not possible to insure that each
technician had "equal chances to measure replicate ex-
aminees since the length of time techhicans wereassoci-
ated with the survey team varied, Table | presents the
percentages of total examinations, intra-examiner
replicates, and inter-examiner replic3tes participated
in by each of the 11 technicians.

Table 1 clearly indicates sorne possible sources
of bias which may affect the analysis of replicate
data, For example, assume technician No. 9 was
able to rephcate his own measurements well but his
seadings were very different from the other examiners,
Obviously, his results would be overrepresented in the
replicate analysis since he examinedonly 11.3 percentof
all youths in the actual surveybut did16 percent of the
ntra-examiner replicate exarninations and13.3percent
of the inter-examiner replicate examinations. Because
of this technician's overrepresentation, the distribution
of intra-examiner differences would cluster closer to
zero than it really shouldhave since this examiner self-
replicated well. On the other hand, the inter ~examiner
distribution of differences would be considerably more
skewed than it should have been sine this technician
did not agrec well with the other techmcians' measure-
ments. Simitar disCrepanues are obvious for other
technicians, An example of an opposite effect to that
cited above 1s technician No, 2, whodid only 2,7 percent
of the ntra-examiner replicate measurements and 10.2
_pereent of the inter -caaminer replicate measurements,
but did 13.4 perceht of all examinations in Cycle I,

Thus, the various combinations of observers for the
intel ~examiner 1eplicates and the proporuons of intra-
cxaminer replicates were not contivlled so as to be
balanced among the observers. In the survey proper the
examinations were similarly not proportiopately dis-
tributed among the observers, since the length of time

1
.

NOTE. The hst of references follows the text

&

the various technicians were associated with the survey
varied., . - "

The foregoing indicates that the distribution of
numbers of rep).tca('e examinations done by each tech-
nician 18 not the same as the distribution of the totalnum-
ber of surveyexamipations done by each in Cycle III,
This represer?gone of the inherent problems 6T the pies-
ent reblicate dataand limits tosome extent impliddtions
to the survey as a whole, Nevertheless, the ‘reader
should be aware &f the many problems confronting thdse
who conguct large-scale health surveys, and in this
context, the present systematic approach to the col-
lection of replicate pody measurement data isadeguate,

" 1
Results of the Replicate Analysis

The absolute differcnces between the first and sec-
ond measurements of the same child were computgd for
each dimension measured during Cycle I, Thef pres-
ent analysis concerns itself withall body nieasuffementd
except skinfold thicknesses, which have been reported
separately with the results of the analysis of skinfold
data,? ‘ -

A distribution of absolute differences was com-
piled for each body muasurement for the intra- and’
inter-examiner groups scparately, The medianandmode
for cach body measurcment were extracted from the dis-
tributiog ‘of absolute diffcrences. I'he mcan absolute
difference (Xy)  was computed by summing the differ -
enwes and dividing by cither 77 or 224, depending on
which group (ntra- and intef-examjger, respectively)
was being considered,

A widely used measure of replicability 1s the statis-
tic o,, the "technical error of measurement,"” It isde-
fined as o, =4/ Td2u, the square root of the sumof the
squared differences of replicates divided by twice the,
number of pairs. [his statistic assumes that the dis-
tribution of replicate differences is normal and that
errors of all pairs can be pooled. ‘

Since squaring a technical error of nicasurement
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yilelds a variance, and since the ratio of two variances
has the F distribution, a very simple test exigts for
compa}mg intra- and inter-examiner replicability. In
table Il theinal column gives, for each variable, the*F
ratio (i.e., the ratio of the squares of the inter-ex-
aminer ¢, to the intra-examiner o, ). As willbe noted
later, in three instances the variance for the intra-ex-
aminer group was larger and in these cases the ratios
were reversed. A significant F staustic indicates the
presence of a "technician-effect” or somecharacteris-
tic which makes a particular measurement more easily
replicated by the same technician than by another,

The coefficient of variation(CV}), o /X , the technical
error of measurement divided by the overall mean (the
mean of all subjects) for the particular variable under
study, was also calculated..The coefficient of variation
1s a measufe of relative variability, i.e., variation in

replicability relative to the overall magnitude of the
measure,

In the context ‘of the present analysis, great care
must be used in dealing with this statistic, It isnot a
coefficient of variation in the traditional sense 8ince
the numerator contains a measure of dispersion of
differences \between replicates) whereas the denom-
inator contains a mean—not & mean difference but a
mean magnitude of the measurement taken,

The value of this statistic lies in its adjustment of
the technical error by the magnitude Of the original
measurement, lt attempts to answer the argument that
replicability is likely to be much better for a variable
“of small magnitude than for one of great magnitude, As
will be expanded later, dnu&mg by the mean measure-
ment may overadjust for such biases.

In the presentation of results of the replicate ob

Table II. Results of intra-examiner and inter- exminer replicate lnl}y813
) Intra-examiner results Inter-examinexr’ results
Heuurlng device lgd - vn{e
dimension measure n u
Xd Median{ Mode | e, cy Xd Median| Mode " cy
-
Automated recording N
Heighte-coocmoo e b seeman- 0.549 0.5 0.1 10.494 {0.302 |0.5637], 4 0.1 }0.681] 0.417 1.90
Weighte----- sobomsoomen wmmmememeaene 1.325 1.0 1 1.173 (2.119 [1.335 A.0 1.0 |1.228} 2.218 | 1.10
Anchropomecet-height measurenent ' 3 )
Standing s
Cervicale height----- 0.6 0.1 }0.692 [0.500 | 1.054 0.9 0.5 | 0.953] 0.689 logo
Acromial height- 0.6 0.2 10.795 [0.601 | 0.875 0.75 0.1]0.891] 0.673 1,26
Radial height-- 0.7 0.1 11.063 }J1.044 {04916 0.7 g% 0.949] 0.932 1.25
Stylion height----- 0.7 0.1 |1.424 [1.819 |1.032 0.8 {g; 1.010f 1.290 1.99
Iliac crest height- -]0.700 0.6 0.3 [0.646 [0.644 |1.134 0.9 0.3 }1.059{ 1.055 igg
Trochanteric height -1 1.413 1.0} 0.6 |1.466 (1.672 [1.600 | 1.3 0.1[1.510] 1.722 -2
Tibial height=c-ceccccaa -10.613 0.5 0.1 }0.565 {1.229 | 0.769, 0.6 0.3} 0.719] 0.564 1.62
Sphyrion heightse--v-- emememmcean --10.266] -0.2 0.1 |0.247 13.815(0.380 0.3 0.1 ] 0.343} 5.298 1.93
[3841 )
Sicn{ hei ht-----f--\-----------—- 0.578 0.4 0.2 [0.535 }0.63110.7267 0.7 0.2} 0,705 0.832 1.74
Th nglelrgnce----- ------------- --1 0.495 0.4] 0.2{0.43 !o .853]0.595 0.5 .0,2] 0,544 37535 1.54
M’!ﬁgp eter-length lnd breadth . >
m;uur ent . .
oot fessurements -
Fogt length----= R «=-eee=~]0.238 0.2|" 0.110.264 |1.087} 0.296 0.2 0.2 0.524] 2.158 3.94
Fobt btagdth------—--—------ ------- 0.138 0.1 0.1 .122 |1.329{ 0.226 0.2 0.1} 0.292| 2.200 2.74
Acrdss bony landmarks on torso .
Biacromial breadth-ee----eve-nn --—-lo.ssa|  0.4| {Jgf |o.5es [1.529]0.807] 05| 0.1fo.015f 25707 2.54
Bicristal b.eadthocecciccoccccaaaac} 0.775 0.6 0 0.711 }2.926 | 1.590 1.1 ' 0.1] 1.545] 6.358 4.72
Bitrochanteric breadthecrevacccaau-} 0,552 0.4 0 0.523 11.778 | 1.760 0.5 - 0.1} 0.836] 2,843 2.56
AcToss torso N .
Seat br the-ccmarmsccwonaan wecew=| 0,610 0.4 0 06.921 {2.835] 0.909 0.7 0.8 0.993] 3.057 1.16
Elbow-el ow breldch- --------- acamee} 1,104 0.8 .0 1.131 {3.415] 1.A25 1.2 0.3 ] 1.346] 4.065 1.42
Suding caliper ' ,
ée breadth-s=a- 0.1 0 0.106 j1.165] 0.183 o.f 0.1 0.244}) 2.683 5.30
1bow breadthececca-o - 0.1 0 0.117 {1.799| 0.152 0.1 0.1].0.154} 2.368 1,73
Ankle breadthesomuueene - 0.1 0 0.092 [1.367] 0.186 0.2 0.1[-0.171} 2.540 3.45
Wrist breadth---cecceccuuoageueronces 0.1 0 0.11,5 2,208| 0.150 0.1\ 0.1]0.139 2.f69 1.46
2]
Spreading caliper i . T .
Bizygomatic breadthe=ceoiaceea —————— 0.075 0,1 0 0.076 {0,589 1 0.158 0.1 0.1} 0.162] 1.255 4.54
Bigonial breadthecsu=mws o\m———-- cmmw=] 0.147 0.1 0 0.1 6‘ 1.575] 03295 0.2 T2 0.272] 2.746 3.04
Steel tape
Torso girths
Chast girch------------------------ 1.1 0 1.096 [1.362] 1.970 1.6| ., 0.6]1.816] 2.256 .75
Waist girthe--~-- ---3- 1.2 .111.308 |1.927] 1.621 1.3 0.6} 1.561} 2.300 1.42
, Rip thee-eemccnccaacthan B L L T 1.168 0.9 5 1.234 |1.,398] 1.514 1.3 1.7}11.375] 1.558 1.24
&cremi circumfetence 1 L s . e |
» Upper” arm ginthe--ve- e emmea= e 0.3 0 0,347 |1.358{ 0.458 0.4 0.3 ] 0.4625f 1.664 | , 1.50
Forearm girthevececcsuaces 0.2}1'0 0.304 |1,281| 0.404 0.3 0.2 0.582] 2.453 3.67
l Calf girthees--erccrcmmcocccnaaaas -1 0.491 0.3 0 0.872 [2.588] 0.353 0.3 0.2 10,340} 1.009 6.58
J NOTE: For defigition of symbols, see above. ‘e . .
- . "' hd
‘ v’
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servation ana’lysis, daxa were grouped according to the
measuring instrument used in orde¥ to facilitate com-
parison since there is the possibility thav differences
betwcen or within certain ¢xaminers might be peculiar
*to the particular measuring device used, First, helght
and weight were treated as a single group because ‘they
were machiqe-recordcd. ‘Note, however, that height
measurement can be affected by variations in position-
ing. The secondgroup was comprised of various height .
measurements which include the distance from the
standing br sitting surface to the specific landmark. In
most instances, the anthropometer was used to its
full extent; nevertheless, as the landmarks approached
the leg and ankle, the measuring distance was shorter,
The third group of measurements included those made
"with the upper portion of the anthropometer, These meas-
urements were made with the fixed axm of the anthro- .
pometer at one landmark whilethe free end was moved
to the other landmark, which defined the measurement,
This grouﬁ' included two foot measurements, three bony
breadth measurements across the torso which required
firm pressure, human enginecring measurements which
required light surface contact ofthgantliropometer. The
fourth group included those made“with g small sliding
caliper. As a group these measurements represent the »
distance across a single bone.or two bones at Specmc
extremity joints, Compared to the heightmeasuremems
mentioned above, the distance traversed by these meas-
urements ie rather small The fifch group \comprised
only two facial hreadths madé with a spreading calipef,
The sixth group consigted of measurements made witlf
a Bteel tape and ineluded six circumferences, three on
the torso and three on the extremities,

Clearly body” weight differs from all other values

table H, «fid all. anaiyses were done wnhm the group
,'ﬁnder. consxdexation -

‘measurement was, with three excepuons, con-

This Was not entirely unexpected, for exper CE in-

dicated greater intra- examlne:’(m?\s(errcy, i.e., there
was greater consxstency/uha e same technicianthan

» between dit:;e}ml.eelmmans The three exceptions were
radial height, stylion height, and calf circumference.

Since each value was squared in c‘alculaung the tech-
nical error of measurement, this statistic can be greatly
distorted by one ortwohighly divergent replicate values,
That seems to be the case with these three divergent
values, -

Results of the vérlance ahalyaes mdlcated that-25

of 31 F ratios were significant at the..05 level (or

conversely, only 6 of 31 F ratios were not sigmficant
at_the .05 letel), Thus, in 25 measurements, intra-ex-
amuner differences werg significantly smaller than
inter-examiner differences, On the surfice, such a
tendency in the results might appear discouraging, How-
ever, such a tendency might function to eliminate or
reduce systematic bias in large-scale surveysdy elim-
inating or reducing the effects of individual 1dlo-
syncrasies (blases) of mdlvidual examiners. "
Eor 29 ot of 31 measurements, the mean differ-
cx{ ces for intra-examiner observations were less than
those for inter-examiner observations, These results
were in the same general.dirgction as those reported
above for the technical error of- measurement, The two

measurements in which intra-examiner mean differ- .

ences were the greater of the two Were stylion height

.and calf circumference, both of which, as indicated

here since it wgs measured to the nearest half poum/bove, had discrepant replicate readings which func-

while all others were measured to the faarest tenth o
a centimeter, i.e,, the nearest millimeteY, Body weight
is the only varfable in which fhe{e is no chance of
either intra- or imter-observer error, All weights
were taken on a Toledo self-balancing scale whicth
mechanically printed the child's weight directly onto
the permanent record,” It was not even important that
the technician positicn the examinge rigidly, which was
a significant factoy in other measurements, for example,
height, “Any variability evident in replicate readings
would thus be due to a gain or loss of body wei&ht by
the subject  between  examination sessions. Note that
the F ratio for Pody Weight was not significant, thus
underlining the lack of technician effect in obtaining
this measurement, ; . .,
There were a total of 77 intra-examiner repli- ’
catlons, i.e., the same techpicianre- examiningthe sub-
ject on two different occasions, and 224 inter-examiner
replications, i.e., two different tect‘lnmians doing the
initial exammmlun and replicate examination respec-
tively, performed during Cycle 1L, lnira- -examiner and
inter-examiner results are presented separately in

’
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tioned to inflate the intra-examiner mean differences,

*The median represents the midpoint of the distri-
bution, i.e,, S0 percent of the cases in the distribution
are above and 50 percent are.below this point. As such,
it is not affected by the extremes of isolated discre pant
values, as is the tecpgical error of measurement. An
examination of thg/mediah differences between repli-
cate readings on an intra- and inter-examiner basis
indacated eight instances in which the median differ-
ences between replicate measurements were 1dentical
within and between examiners, In 22 instances, median
differences were less within examiners than between
examiners, while in one instance the median differepce
was less between examiners than within examiners, In
this last mentioned case, the difference between medians
was only 0.1 cm, Thus, these observations are in gencral
agreement with those indicated by comparisonof o,

*and X,

The magnitude of the differences| between med:ians
of replicate readings within and betwesq examiners was
only 0.1 cm, for 13. measurements, 0,1 Ttm,_for one
measurement, 0,3 ¢m, for five measurements, 0.4 cm,

r less withiri examiners than between examme/
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for two meqsurements, and 0.5 cm, for two meisure-
mems lncorporatmg the elght measuremeiits in which
median differences for repllcate readings were identical
within and between examiners withthe above distribution
indicated, that in 32 of the 31 measurements the differ-
ence in median differences of xepllcate readings within
and between examiners was.0,15 cm. or less, This ln-
dicates a reasonable degree of consistency in the rep-
licatg measurements. lt does not, _however, consider
the magmtude of the actual differences between repli-
cate readingg by the same observer ,and by different
observers, . .
Before going 1nto & dnscussion of specxfxc groupsof
mcasurements; the limitations of the technical error of,
. measurement and the coefficient of variation _should
agan,_be noted, As indicatey garlier, the o, is gen-
erally an important ‘and rov egxling statisuic, By itseif,
however, it can be somewhat m:lsl'eading at times, Con*
sider, for example, the variables of standing height and
" knee breadth in table 1I forthe intra examiner group of
data. Just considering o, would lead one to believe that
knee breadth is a much better replicated measurement
than isg standing helght slnqe the variation for knee
breadth 1s markedly” smaller, It should be carefully
noted, however, that the magfitude of standing height is
far greater than that of kriee breadth, andthe margin of
error is.fat greater for the greaterﬂ‘neasuremem To
adjust for this factor, the coefFicient of variation (d,/X)"
can be used. Examination of the coeffiicats of vari-
ation for these two variables indicates that gtanding
height is.more closely duplicated by the game exdminer
than is knee breadth. . D
On the other hand, coefficients of Varxatlonmust be
used with great cautio odlyide o, for standmg hexght

by the entire mean ' for standing helght is a bit drastic: .

- For example, if an individual is 172 cm, tall, repeated
measurements cannot vary by the whole 172 ¢m, Cven
if @ technician’makes a markealy discrepant replkate
‘measurement of 10 c¢m., for example, this represents
only 5.8 percent of, the totalhelghtmeasurement.Qn the
other hand, an error of 1.0 cm, for knee breadth,.\vhxch
forthe sake of example is assumed to be 12,0 um., rep-
resemo 2.5 pereent of the measurement. What js being
sugge sted _here is that there 1snoway errars of suffi-
cient]y large magnitude can be made for large méasure-

_ments (of the order, say, ‘of 170 e, for height). Thus,
to dlvnde a by the full mean for ;he particular meas-
urement distorts the reality oftl1e situation, This is why
it is best to Compare coeffic fents of varlation within
variabies measured by thtSame instrument and within
variables of about equal magnitudes.

. Rcaults of the rep Ircate analysis for specific meas-
urements and, or g.roupé of Measureménts are.now Cun-
gidered. As notedearller thedatawere groupedaccord-

Although bedy weight snuwed some variation within
and between 6bsexvers, the F ratio was not signmcam
indicating that all ‘observers did cpmp_arable jobs in

.
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measurmg thxs varlable It should benoted “however, -
that there was no chance for mdnidual idiosypcrasies
uf a given observer to affect the body weight measure-

ment, All $eiytus were taken on a Toledo self-balanling .

scale which mechanwcally printed the welght directly
unitu the child's permanent record. Hence the variation
butwevn observation .sessions 1s due to “the weight gain
or loss oceurring during the ums lapse. Mean diffex-
efees for body weight within and between examiners are
well wnthm the rangeof vauauonasso«.lated withdiurnal
changos in bpdy weight, , *

As a group, measurements made with the slxdmg
\,dllp(.! had a high dug!cé'OfIEPIl\,ale[y This category
included two measuremems across smgle bones, i.e.,
kince breadfh acruss (he condy lesofthe femur and elbow

measurements across two bones, re., ankle breadth
derogs the distgl aspectS of the uibia and fibula and
.wus( bréadih across the distal aspects of the radius.
and ulna As,a group the mean, median, and modal
dlfferen»es for the fuur extremuty .breadth measure-
ments, Were Jthe lowest relative to other _variables
measured during Cycle IlI, The technical ‘érrors of
medsurement were also lowest, lndl»atlng that these
four measurements were quite accurately replicated

For example, (hese measurements averaged about 0.1
‘Em difference for inira-examiner replications and about
0.16 cmr. for intes- observer replications, Comparlng'the“
Aaverage dlfferen»cs for these four extremity breadth
Mcdsurements to values for other body measurementsf
in table II clearly inchcates that,| pre»lslon was greater
in theSe than m any other group of méasurements cons
sidered in this report,

_Auempung to Lompare coefficients of wu’latlon of
host medsurements with any others is mlsleadlng, as
discussed earlier, Thus,” the coeftxcient of yarfation
statistics should be used only within sthe groups of
measurements considered For jmtra- examiner dlf---:
ferences, knee breadth.was best replu.ated followed
ankle, elbow, and wrist hrrf'at:lths Fot inter- ekammer

:dlfft,tent.e$, elbow breadth had the smallest coefficient

of Var‘lauon, followed by ankle, wrist, ard knee breadths,
Tesfu‘" at the 05 level, uic F ratios indicated that it all
lnstant.es iptra-examiner differences weresignificantly
smaller than inter -examiner differences.

The twa measuremonts made with the spreadmg
valiper, blzygomatxc breadth and bigonialbreadih, were
likewise well replx»ated The mean, 'medlan, and modal
differences for these two facial breadth measurements’
were of appruximately the same magmtude as those for
the extremity breadth measurements, lnfact bizygo-
.matic. breadth hdd’tbe ‘smallest intra- -eyaminer dif-
ference of allmeasuremams considered, andveragadlf- '
ference of 0.075 cm. and o, 0f0.076. Onan intra- apd
intef-examiner basiy, bizygomatit breadth had a
smaller coefficient of varjation thaa bigomal breadth.’
[he greater variability in replicating the fatter might
be r.fated. to variations in pressure in applying the
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spri ading caliper (allght variations producing an error
of 0,1 ¢m.) and to variations ip palpaungthe measuring
landmark, the gonial angles of the mandible, Fxperience
indicates that some observers allow the calipers to
"slip” off the landmark, Similarly, if a child tenses his
lo >r jaw, this also alter measurement to some
extent, In contrast to thf measurcment of bigohial
breadth, bizygomatic breajith is a maximum measure {
ment, in which techgician moves the spreading
cahpers until he notes thé maximum reading, Fgy both
facial breadth measurgments, the intra-examiner dif-
forences were significantly smaller %m the inter-ex-
amiwvr differences at the ,05 level,y, 3%

The group of dimensions measured with the upper
segment of the anthropometer included two foot meas-

.urements (length *and bread!‘h), three bony breadth

m2asurements (biacromial, blcrlstal and bitrochan-
teric breadths), and two human engineering breadth
mcasureme lbow-elbow and seat breadths), In

- making these measirements, the fixed arm of the an-

thropometer is set at oné landmark, while the free
arm is moved to the other landmark defmlng the par-
ticulat measurement,

. The two foor dimensions shOWed a high degree of
rephcabihty. Mean, median, and modal differences for
foot breadgh’ weretless than or equal to those for foot
length and were of the same magnitude as those for
rmeasurements made with the spreading and sliding
calipers, This might be a function of ¢he overall size
of the dimensions being measured, The téchnicalerrors
of measurement for both foot dimensions were smaller
within than between examiners, and t je mtraxexammex
difféxences were significantly smaller than the inter-
exgminer differences, The two ‘foot measurements had
con stently smaller technical errors of measurement
and cefficients of variation than the other measure-
ments tade with the uppér segment of the anthropom-
eteér, . , !

The bony breadth measurements across_ the
shoulders, (biacromial breadth) and across the hips
(bi ristal and bitrochanteric breadths) also appearedto
be heasonably well replicable measurements. Bia-
cromial breadth and bitroch Meric breadth had es-
senuall} identical meah dxffsences in the intra-ex-
aminer coinparisons -0, 553andD, 552cm., respeciively,
Bicristal breadth, on the other hand, hada larger aver-
age error in theintra- exammercomparisons 0.77Scm,
On 3n inter -examiner basis, biacromial \breadth hadthe
smallest average difference .(0.807 cmJ), while bitro-

chapteric breadth had the largest (1,76Q cm.), with bi- ,

cristal breadth very similar to it (1,590 cm,), These
average differences are misleading and are rhaps
influenced by extreme readings, Median’ dxffert%cs in,
the inter-examiner comparisons are identical for both
biacromial and bitrochanteric breadths (0.5 cm.), while
that for bicristal breadth is much greater.(1.1 cm.), All
mean, Ygedian, and modal differences, as well as the
technical errors of measurement for the three bony

-
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breadth measurements, were smaller for intra-ex-

a?n‘qler comparisons than for inter-examiner compari-, .
sons, The intra-examiner differences were alsosignift- .

cantly smaller than .the inter-examiger differences,
Within this group of three bony breadth me‘aSureméQts,
biacromial breadth had the least relauve variatign,
as indicated by the lower coefficients of variation on
both an intra- and inter-examiner basis, Bitrochanteric
breadth was close to biacromial breadth but largerin
relative vatiation inboth intra-and ipter-examiner com-
parisons, Bicristal breadth had the largest coefficients.
of variation, The relative variabtlity forthe inter-ex-
aminer licates was more than twice that noted for
the intr, aminer replicates, indicating that different
observers had difficulty in replicating this measure-
ment with accuracy, Theseobservations might be related
to the nature and locauon of the bonylandmarks nvolved
in making these three measurements, The acromjal
"processes are relatively close to the surface and easily
located. The same applies n genetaltothe greater tro-
chanters of the femur, The ilac crests, though rather
~y easil 1dennf1ed areperhaps difficult toaccurately rep-
licate ‘because of their irregular shape, Conmbuting
“to the overall variation In bony breadth measurements
is the need for firm pressure in applying thc arms of
the anthropometer to the bony landmarks, Any tnadvert-
eat alteration of pressureapphed canmcreasethe error

of measurement. et
The two human engineering breadth measurements,

elbow-elbow and, seat breadths, appeared to be only

mod\'ately repllcabIe when compared to other measure-
ments made with the upper segmentys; of the anthropom-
eter, Of the two measurements, elbow-elbow breadth

arger mean, median, and modal differencesas well

arger technical errors of measurement 1n both the
intra- and inter-examiner comparisons than did seat
breadth, Elbow-elbow breadih also had a larger coef-
' ficient of variation than seat br&&dth, All stanstics were
smaller for the intra-examiner replications thanfor the
inter-examiner replications, These two breadth meas-
urements also had the lowest F ratios, the ratio far
seat breadth being insignificant and that for e Ibow-elbow
breadth barely sigmfn,ant at the ,05 level, which would
seem to suggest;hgt In both measurementsthe individual
idiosyncrasies of specific examiners had smalleffects,
This interpretation is offset, however by the fact that
the magnitude of the difference$ between replicate
readings in both the intra- and inter-examiner com-
parisons was rather large, This is perhaps a function
of the specific measurements, since both require only
light surface contact (the slightest pressure might dis-
tort replicate readings). Also, in measuring elbow-
elbow breadth rather rigid positioning is required, and
inadvertent alterations in positioning by the subject
from one measurerignt session to the next might affect
the replicate readings,

The six circumference measurements taken In
Cycle 1l can be divided into those made on the torso

.
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and those made on the cxiremities. The three torso
glrths—\.hest, waxst, and lup’“mhs-are' essentially
human engineerang-type measurcments, and the repli-
cate analysis 18 similar tu that noted for the two human
engineering breadth measurements above, Chest, waist,
R and hip} girths appeared only modecrately replicable.
l’est:?g)at the .05 level, the Frat’loundu.:ted nu signifi-
cant differences for hip girth, just barely signficani dif-
ferences fur waist girth (F =1.42), and significant dif -
ferences for chest girth (F=2.75) between intra- and
. inter-examiper. replicales, These Observations suggest
that 1p such gigth measurements idividual 1diosyn-
crasics of specific examiners had small effects, This
interpretation 1s offset, hotvever, by the magnitude of
the differences between replicate examdnations in both
the intra- and 1nter-examiner «.omparisons,whiqh were
among the largest for the entire series of 31 measure-,
ments. Clearly, the same observer as well as differenk
observers had difficully n.plu)\unb_ these Lhree CiL-®
cumference measurements.
i'he three extre mity urcumf&.renum had.onside,
.ably smaller awrage differenccs between repluate
readings, both within and between examiners, thin did
the three torso circumferences, This is perhapsafunc-
tion of the magnitude of the circumferences measured.
All but calf circumference appeared to be highly rep-
:izable measurements. Mean, median, and modal dif-

ences as well as the technical errors of measure-

ent were slightly smaller for the intra-examinerthan

for the inter-examiner analysis, Observations for calf
circumference were in the opposite dxre«_non, theaver-
age difference and the technical error of measurement

+ were larger for the intra-examuner than for the inter-

examiner analysis. However, the median andmodal dif-
ferences were identical on anintra- andintgr-examiner

basis. The effects of two or threediscrepam replicate -

readings were responsible for inflatingthe inira-éxam-

iner mean difference value and the technical error of

‘measutement This 1s contrary to general measure-

ment expetlence, for calf circumference {s generally

a highly replicable measurement, The present obser-
- vations are probably a chance occurrence,

Although standing height was grouped with body
weight on the basis of the automated measuring pro-
cedures used, the replicgte observations for height will
be considered lere witht other height measurements. Of

_ all the height measurements, including standing height,
sitting height, and segmentdl height measurements, it
appeared that, both within and between examiners,
standing height was best replicated. While sphyrion
height and thigh clearance (really height above the sit-
ting surface) had smaller technical errors of measure-

. ment, this can be attributed to the,smaller margin of ’

error in taking the measurement, Problems'encountered

in radial andstylion heights have been discussed earlier.

In these twomeasurements, the technical er ror of meas-

urement was larger for the intra-examiner replicates

than for (ht'E inter-examiner replicates, This was en-
. N .
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_w‘peLhaps-dapendaon-eh&meeswements mvolvedand fac=

urely a funcrion. of one or two discrepant replicate
readings, which distorted the technical error of meas-
urement. Median differences between imtra- and inter-
examiner replicates were negligible for radial and
stylion heights, . ’

Examination of the F.ratios for the various height
measurements indicated that for all measurements ex-
cept acromial height, radial height, and trochanteric
height, there were sigmficantly larger differences when N
two diffcrent observers made the measurements than -
when a single one did them. It should be noted in table
1l that the three height measurements for which the F
ratio was not significant had among the larges( mean
differences both within and between examlners. Forex-
ample, trochanteric height, which had the smallesg F .
ratio (F = 106;, had the largest mean differences on
both intra-examner replicates (1.413 cm.) ahd intar- |,
examiner replicates (1.600 cm,;, These,observatiois

tors affecting the taking of these measurements. In ad-
dition to the locatlon of landmarks, acromlél and radial
height are greatly affected by slight changes lnthe pos- -
ture and attitude of the subjects, while in the, tase of
trochanteric helght location of the trochanteric land-
mark can be difficuli in individuals with a lot of soft

tissue over this area. . .

Discussion and Summary of Repli;:ote Analysis

-

The preceding discussion of results of the repli-

" gte analysis of Cycle 1l body measlireménts was not

aimed at determining which measuremerits were easiest
or most difficult to perform but at evaluatingthe use of
single and muluple examiners in 8 largg-scale survey.
Reports of large-scale surveys generally“do ot include
discussions of replicate analyses of multiple exam-
iner effects. One general lmpression derived from"the
analysis of the present data is that there is an obvious
need to publish repHcate stddies in anthropontetric sur-
veys, This would insure better congmrabihty of sur-
veys and would aid in establishingt lerance limits for
various body dimensions. . ,

It shuuld be emphasized that many of the measure-
ment> comprising the Cyéle 111 (12-17 years) replicate ,
analysis were taken in Qycle 1l (6-11 yearsy. tor ex-
ample, six of the dimepsions utilized 1n this report of
Cycle Il data and 11 of the 21 dimensions described in
the previous report (Series 11, No. 123) are included
dmong the measurements discussed in the replicate .
analysis. Hence, of the 31 measurements used in the
replicate analysis, 17 were also taken in Cycle If, The
primary difference isn the replacement of (l’ddltlondl -
human engineering dJdimensions in"Cycle 11’ (but(ock-
knee length, buttock -popliteal length, pupliteal height,
knce height) and specific segmental lengths (acromion-
olecranun length, elbow-wrist length, hand length) by
eight scgmerital heights in Cycle 111, Specific segmental
lengths are estimated in the Cycle Il data by subtrac-

"
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ton. 'oi caampie, acromial height minus O¥eranun
height providea an estimate of upper arm length sim-
flar to that provided by direct meaau:»ment of dc-
romion-olecranenlength,

In addition, conditfons under which the various an-
thropometric dimensions were measured were essen-
tially 1denurcal in Cycles 1l and 111, although several of
the measurements were different, Instrumentation, in-
struction, and measurement technique were hikewise
basically the same in cycles, Hence, the obserma-
tions dertved from Cycle llIreplicate analys:s are
generally applicable to the Cycle II data,

Measurement of various body dimensions presents
a unique siwation, There are a large number of vari-
ables (sources of error) that must be controlled 1n the
.. measurement environment :n general andat the moment

of measurement in particular, Gencral sources of error

upper segments) of the anthropometer appear to vary
with *the specific measurement, The two foot measure-
ments, breadth and length, are highly replicable, The
three bony breadth measurements across the torsv—
biacrumial, bicristal, and bitrochanteric breadths—are
reasonably replicable, The apparent ;;roblem with these
medsurements relates to the conhsistent lucation uf the |
landmarks, especially the iliac crests, and the appli- |
cation of firm pressure to compress underlying ~oft - |
tissuu; tapecially in the case of bitrochanteric breadth,
It would be interesting to see areplicateanalysis of the - “
twy hip breadth measurements by sex, since adolescent . {
4
)
|

|
rather easily located, Measurements made with"the . i
|
|
|

girls tend to accumulate adipose tissue over these sites.”
The two human engineering breadth measurements,

elbow-elbow breadth and seat breadth, which are made
with the upper segment of the anthropometer, are some-

can be groupedimo HrcT Taltgorics, the subject, the
instrument, and the obscrver. Subject position, though

o carefully standardized, 1s dlffzcul( to control precisely,
Postural atutude, phase of the breathmg. cycle, degree
of tension and, o1 :elaxauon and soon are factors which
~ make it almost Amposmblc to fully controlthe examince,
so as to permut identical conditions during each of,two
measurement sessions that comprise replicaie studies,

In, for example, measurement of segmenal heights, an |

inadvertent shifting cfbody weight frum onelegto anuth-

er can alter the height of a specific landmark from the |

*  standing surface, or tensing ofthe shoulders might mdke

. accurate location of acromiale difficult to replicate.”’

Instruments are carefully calibrated and checked

out during the course of the survey, Hence, instrument

variability is reasongbly contgolled, It isdiff.cult, how-
ever, to controlgompletely the ubservers’ use and appli-
cation of instruments to speciNc budy landmarks in.addi-
iun to the problem of cunsisthntly lux.atlng thes€ land-
marks, Differences between ubservers ate inevitable,as
the Dpresent replicate analysis indicates, Training,
both prior to and in the field, helps reduce differences
between observers, but it will not eliminate them com-

pletely. In light of this reality, there is an obvious need.

. to establish tulerance limits within_which two or ggere
observers are permitted tu vary in making a partichler
measurement, Similarfy, the same observer varies to
sume extent within his own replicate mreasurements,
although intra-ubserver variation, as> expected, 1> con-
sistently less than variation betweenubservers. Ferhaps
the results of the Cycle 1T replicate analysis canbe
used to establish tolerance limits within which a single
observer is permitted to vary im an Intra-examiner

replication and within which two or mureubserversare ™

permitted to vary in un inter~examiner replication,
Since variation between observers is inevitable,
what can be concluded from this analysis? In general,

measurements made with the sliding and spreadiqg—
ca'ﬁpers are highly replicable, These instruments are”

used in making bone-to-bone measurements requiring
firm pressure and traversing relatively small distances,
Further, the landmarks for these measurements are
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what difficult to replicate, perhapsfbecauge light sur-

face contact 1s required in makingthese measurements,

Cirth measuremenls .on the torso are also difficult to

replicate, Like the two human engineering breadth

measurements, these dimensions require light surface

conmtact with no soft tissue compression, Girth meas-

urements on the extremities are, in general, well

replicated, The discrepancy noted for calf circumfer-

ence 1n the present analysis is somewhat of a surprise

and is probably a chance occurrence, Calf circum-

ference i5 generally a well-replicated girth measure- '

ment, and the result of the presentsanalysis can be

overlooked to some extent, .
Height measurements, standmg or sitting, are

reasonably well replicated, ,thereis, however, Con-

siderable variation in the replicability of the series

of méasurements evaluated, sThis variation is prob-

ably rélated to both subject and observer variation,

Although the subject’s position is standardized, inad- |

vertent change ih his postural attitude ¢an alter the |

height of the segment landmark from the standing sur- J

face, It is almost impossible to control for this, Inter- |

observer varlation is present for all measurements,

Interestingly, it was least for standing height. 1
As indicated earlier, differences between exam-

iners are inevitable in g large-scale anthropometric

survey, This is true regardless of efforts at control

and,or elimination, The extent of variation between ob-

servers should, however, be noted and reported’ Error

introduced by multiple observers, i.e., differences be-

tween examiners, have two apparent effects: first, they

,increase variable error, but second, they reduce the o
probabnluy of a systematic error being introduced into o
the measuring process by ldnosyncrasies of individual
observers, An increase in the variable error must be ’

tolerated to achieve a reduction of probable systematic
error, Although variatien is apparent in the present
analysls of replicate measurements, the general im-
pression s one of reasonable consistency in the meas-
urement process utilizing multiple examiners, Com-
parativey data from other large-scale anthropometric l

.surveys of children are apparently. not available,
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